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Dear Sir: 

I, Vic Raso, do hereby declare and say: 

I. From before December 2, 1997 until June 16, 1999, 1 was attempting to obtain 
funding to support myself, my family, and my research 

1 . I am a Senior Scientist, without tenure, at the Boston Biomedical Research 

Institute (BBRI). I joined the BBRI in 1988 as a Visiting Scientist with a one-year term. 

[Ex. A1 . I became a Senior Scientist in 1989 with a five-year term [Ex. B1 and was re- 

reappointed as a Senior Scientist in 1994, 1999, and 2004 for additional five-year terms. 



2. The BBRI is an independent, not-for-profit biomedical research institute. As 
such, it is dependent upon federal grants, principally from the National Institutes of 
Health (NIH), for its revenues. As a faculty member, I was expected to be self-funding, 



[Ex. C]. 



generating grants to fund my laboratory, provide indirect costs for running the institute 
including my own salary and fringe benefits. Each of my offer letters indicated that my 
salary was contingent on his ability to generate outside funding. None of my 
appointments were tenured. [Ex. A, Ex. B and Ex. CI . 

3. Because I do not have tenure, I must be reappointed at the end of each term. 
Reappointment to an additional term is dependent upon 4 criteria. First and foremost 
among these criteria is grant support. [Ex. D1 . 

4. The BBRI provides temporary Bridge Support to faculty members who lose 
funding but are thought to be likely to regain funding. fEx. E at p. A-22]. Bridge Support 
is available for only one year, other than in "exceptional circumstances." [Ex. D at p. E- 
06]. The primary criteria for determining whether such an exceptional circumstance 
existed is the probability of funding. [Ex. D at p. E-06]. 

5. I ran out of funding in 1995 and started to receive Bridge Support. BBRI 
changed its policy on Bridge Support in 1996. Still having no outside funding, I 
requested a second year of Bridge support in late 1996. As my request indicated, I was 
actively working on five different grant applications. [Ex. F at p. 1]. Although I may not 
have met the new criteria for bridge support, BBRI approved my further bridge support, 
although only for 8 months, not a full year. [Ex. G at p. 2]. 

6. Despite my continuing attempts to obtain funding, I did not obtain any. I even 
tried to obtain other sources of funding, seeking Small Business Innovation Research 
Grants, as well as grants from the Alzheimer's Association. Having failed to get the 
typical NIH grants, I was becoming quite concerned. I knew the BBRI was not terribly 
interested in such grants because such grants do not provide enough indirect costs. 
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Indeed, I was a member of the Committee on Research (COR) that voted to grant 
further bridge support to a faculty member. fEx. G at p. 1]. That vote was contingent on 
the faculty member obtaining NIH funding. The COR specifically stated that "an 
Alzheimer's [Association] grant would not be enough." rEx. G at p. 1]. 

7. Nonetheless, I applied for these grants as well. I needed some funds to 
conduct my research, and I thought that securing other sources of funding would be 
helpful in obtaining a subsequent NIH grant. Besides not having any current grants, I 
had not worked in the Alzheimer's field before. The reviewers of my grant applications 
indicated that this was one reason they were rejecting my grant applications. 

8. My Bridge Support was not sufficient to keep my laboratory running. I 
maintained my technician in 1997 only by cutting my salary to pay for her salary. fEx. H 
at p. 1]. I thought it was particularly important to keep her to obtain the data for the 
grants I was writing. Indeed, I could not do much of the needed lab work because I was 
"increasingly pulled away from the laboratory to write grants and papers." rEx. H at p. 
2]. 

9. I continued to fail to obtain funding. Therefore, in September 1997, the 
Director of the BBRI formally warned me that I might not be reappointed as a Senior 
Scientist when my term ran out in two years. rEx. II . The Director indicated that my 
continued failure to obtain NIH grants might cause the BBRI to not renew my 
appointment. She also told me that she hoped I could obtain "NIH or similar grants," 
which might allow me to be reappointed in two years. fEx. II . 

10. It became absolutely clear to me that I needed to obtain NIH funding to have 
any chance of retaining a position at the BBRI. 
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1 1 . Also, BBRI allocates laboratory space based upon funding and utilization 
levels. fEx. D at p. B-06a]. Besides warning me that I might not be reappointed, the 
Director also reminded me of this policy. fEx, II . Separate from my academic 
appointment as a Senior Scientist, if I did not have funding, I was at risk of losing some 
or all of my laboratory space. 

12. It became absolutely clear to me that I needed to obtain NIH funding to have 
any chance of retaining adequate laboratory space. Indeed, I eventually lost all my 
space except for one-half a laboratory bench and my office. My lost laboratory space 
was remodeled for a new faculty member. 

13. The BBRI requires monthly Time and Effort Reports of all faculty members. 
[Ex. D at p. A-06]. The reports show the percentage of time spent on each fund. Funds 
normally correspond to particular grants received by the faculty member. My Bridge 
Support— and salary — ended on September 15, 1997. At that time, my time and effort 
reports, switched from Institutional Support to Grant Writing. As the Time and Effort 
Reports indicate, I spent all my time preparing grants from the end of my Bridge Support 
on September 15, 1997, through December 31, 1997. 

14. I was terminated at the end of 1997 because I did not have any funds to 
support my work. [Ex. J and Ex. K1 . Upon termination, I was no longer eligible for 
health insurance through BBRI. As a faculty member, however, I was still entitled to 
use BBRI facilities until such time as they allocated my laboratory space to another, 
funded faculty member. 

15. My grant writing finally began to pay off in April 1998, when I received a small 
SBIR grant from the NIH. Such a grant is of short duration and did not sufficiently cover 
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BBRI's overhead. Accordingly, the Director met with me and informed me that she 
would be bringing faculty candidates by to look at my laboratory space, indicating that it 
would be available for them. fEx. LI . She indicated the BBRI might be able to 
accommodate me in the basement. 

16. The BBRI had some laboratory space in the basement, which was generally 
the least desired. Faculty members who were transitioning out of the BBRI were 
sometimes placed there temporarily. Indeed, the faculty member mentioned above 
whom the COR voted contingent bridge support was moved to that space before 
leaving the BBRI. 



II. Mv grant-writing efforts during this time 

17. During this time, I was constantly working on grant applications. From 
January 1997 until August 1999, 1 prepared and submitted 16 grant applications. These 
16 grant applications all concerned Alzheimer's Disease, particularly the use of 



antibodies to 0-amyloid: 



Date 


Type of Grant 
(Form) 


Title 


Bates 
Number 


01/15/1997 


NIH (PHS 398) 


AMYLOID 6 PEPTIDE 
EQUILIBRIA IN "ALZHEIMER'S 
MICE" 


B000030 
[Ex. P] 


08/29/1997 


NIH; SBIR (6246-1) 


IMMUNOTHERAPY OF 
ALZHEIMER'S DISEASE 


B000093 
[Ex. Q] 


10/21/1997 


NIH (PHS 398) 


AMYLOID p PEPTIDE 
EQUILIBRIA IN "ALZHEIMER'S 
MICE" 


B000223 
[Ex. R] 


12/11/1997 


NIH; SBIR (PHS 
6246-1) 


CEREBRAL ANTIBODY 
DELIVERY TO TREAT 
ALZHEIMER'S DISEASE 


B00269A- 
269Y 
[Ex. S] 


01/26/1998 


NIH (PHS 398) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-B-AMYLOID 
ANTIBODY 


B000270-312 
[Ex. T] 
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04/13/1998 


NIH; SBIR (PHS 
6246-1) 


CATALYTIC ANTIBODIES TO 
INACTIVATE 3-AMYLOID 


B00031 3-339 
[Ex. U] 


05/20/1998 


NIH (PHS 398) 


VACCINE TO MODULATE 
SYSTEMIC p-AMYLOID LEVELS 


B000340-365 
[Ex. V] 


05/27/1998 


NIH (PHS 398) 


PROBE TO VISUALIZE 
CEREBRAL P-AMYLOID 
PLAQUES 


B000366-392 
[Ex. W] 


09/01/1998 


Alzheimer's 
Association 
(KRS) 


VACCINE TO MODULATE 
(SYSTEMIC) p-AMYLOID LEVELS 


B000432-449 
[Ex. X] 


09/03/1998 


Alzheimer's 
Association 
(KRS) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-p-AMYLOID 
ANTIBODY 


B000393-413 
[Ex. Y] 


09/04/1998 


Alzheimer's 
Association 
(KRS) 


CATALYTIC ANTIBODIES TO 
INACTIVATE P-AMYLOID 


B0004 14-431 
[Ex. Z] 


10/11/1998 


NIH (PHS 398) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-B-AMYLOID 
ANTIBODY 


B000476-523 
[Ex. AA] 


01/19/1999 


NIH (PHS 398) 


IMMUNOTHERAPEUTIC 
AGENTS TO TREAT 
ALZHEIMER'S DISEASE 


B000141 
[Ex. AB] 


01/27/1999 


NIH (PHS 398) 


NOVEL TRANSITION STATE 
PEPTIDE ANALOG ANTIGENS 


B000524-569 
[Ex. AC] 


04/12/1999 


NIH; SBIR (PHS 
6246-1) 


BIPHASIC PROBE TO VISUALIZE 
INTRACELLULAR B-AMYLOID 


B000450 
[Ex. AD] 


08/13/1999 


NIH; SBIR II 
(PHS 6246-2) 


IMMUNOTHERAPY OF 
ALZHEIMER'S DISEASE 


B000187 
[Ex. AE] 



1 8. I believe this is an exceptional number of grant applications to prepare and 
submit in about 2 !4 years. The NIH's guidelines indicate that each grant application 
should take three to six months to write. fEx. Ml Despite my lack of salary from BBRI, 
decreasing laboratory space, and eventual lack of a technician, I prepared and 
submitted so many grant application because I was desperately trying to save my 
career at BBRI so that I could conduct my research. I worked many nights and 
weekends writing the grant applications and obtaining the data to be included in them. 
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III. My experimental work during this time was devoted to an Alzheimer's vaccine 

19. Grant applications require data. Accordingly, I conducted many experiments 
to support these grant applications. Because of my circumstances at BBRI, however, 
the focus of those experiments was simply to obtain data needed for the grant 
applications. Without funding, I did not have time to perform extensive experiments nor 
keep detailed notes. I was simply trying to obtain the data necessary to prepare and 
submit grant applications, which I hoped would be granted to provide for my family and 
to save my career. 

20. The experiments conducted in support of the grant applications are 
summarized in the attached chart. [Ex. Nl . The laboratory notebook pages and 
printouts containing the data from these experiments are also attached. fEx. 01 . I 
believe these documents are readily understood by a scientist in the field. However, I 
provide the following explanation of the experiments I performed for further clarification. 
Unlike other principal investigators, I had to perform most, if not all, of these tasks 
myself because of my lack of funding and space at the BBRI. 

21 . My experiments encompassed active as well as passive immunization for the 
treatment and/or prevention of Alzheimer's disease. The active vaccines I developed 
included both naturally occurring p-amyloid peptides as vaccines to elicit conventional 
(binding) antibodies and transition state analog p-amyloid peptide vaccines to elicit 
catalytic antibodies that bind and hydrolytically cleave p-amyloid into harmless 
fragments. For passive immunization I initially injected either conventional binding 
antibodies directed against naturally occurring p-amyloid peptides or catalytic antibodies 
directed against transition state analog p-amyloid peptides. 
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22. Work on all four of these basic concepts was simultaneously initiated before 
December 2, 1997 when I synthesized the first multiplex peptide cocktail. I designed 
that preparation to contain both natural and transition state analog p-amyloid peptides. I 
proceeded to use that formulation as an active vaccine in normal and transgenic mice 
so that both conventional and catalytic antibodies would be induced. I subsequently 
derived monoclonal antibodies from immunized mice and utilized those anti-p-amyloid 
antibodies as passive vaccines. 

A. Materials and Methods 

1. Monoclonal Antibody Production 

23. A key aspect of my research involved monoclonal antibodies. Consequently, 
a significant proportion of time and effort was devoted to formulating strategies for new 
antibodies and antigens, generating numerous lines of monoclonal antibodies, assaying 
for their specific activities, isolating the lines of interest, and measuring the quality and 
quantity of each individual line. 

24. The laboratory procedure for generating monoclonal antibodies is well 
established in the field. However, obtaining a high quality monoclonal antibody of 
interest was a time-consuming process each time. A mouse was immunized by 
injection of an antigen X to stimulate the production of antibodies targeted against X. 
The antibody forming cells were then isolated from the mouse's spleen. Monoclonal 
antibodies were produced by fusing single antibody-forming cells to tumor cells grown in 
culture. The resulting cell is called a hybridoma. Each hybridoma produces relatively 
large quantities of identical antibody molecules. By allowing the hybridoma to multiply in 
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culture, it was possible to produce a population of cells, each of which produces 
identical antibody molecules. These antibodies are called "monoclonal antibodies" 
because they are produced by the identical offspring of a single, cloned antibody 
producing cell. The production of hybridoma generally involved the following steps: 

1 . Immunization of mice (in vitro or in vivo) 

2. Spleen removal and preparation of a single cell suspension 

3. Myeloma cell preparation 

4. Fusion of spleen cells and myeloma cells 

5. Post-fusion cells cultured in hybridoma selection medium (HAT) 

6. Collection and dispersion of peritoneal macrophages and/or the use of 
conditioned medium. 

7. Addition of fused cells to microtiter plates with macrophages 48 hours post- 
fusion (2-4x 10 6 cells/ml) 

8. Culture of cells: 37°C, 5% C02 [feed with HAT medium] 

9. 7 to-21 days post fusion: observe and enumerate hybridoma clones 

10. Screen for specific antibody production 

11. Expand cultures positive by screening test 

12. Redone by a limiting dilution technique all positive hybridoma clones to 
assure monoclonality and to select for the fastest growing cell line with the 
greatest antibody production. Hybridomas would be recloned periodically (after 
3-4 months of culture) to prevent overgrowth of the preferred culture by mutants 
or cells expressing an altered phenotype. 
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13. Inject 2-1 0x1 0 6 recloned hybridoma cells into BALB/c mice which had 
received an i.p injection of 0.3 ml of pristane 7 days previously. Collect ascites 7- 
21 days latter. 

14. Guard against loss of the hybridoma cell line by storing several amps of each 
clone in liquid nitrogen. 

Related records from Christine Kearney's lab notebooks are attached. fEx. 01 . Many of 
these records were made in 1996, when the basic laboratory protocols were 
established, and thereafter followed. 

25. Because these time-consuming steps were routinely carried out, no specific 
entries were recorded in a laboratory notebook on a daily basis. Some records are 
available which noted the final phase of screening of hybridoma lines that presented 
"promising" characteristics, and experimental data showing the results of the ELISA 
assays identifying these lines, and eventually leading to the successful isolation of the 
monoclonal antibodies that exhibited potentially therapeutic activities for Alzheimer's 
disease, as claimed in the invention of the patent application at issue. Therefore, it 
should be inherently appreciated that considerable amount of time had been spent on 
the earlier phase of the antibody production, despite the fact that few entries were 
recorded (as being routine procedures). 

26. The attached documents document the production of numerous monoclonal 
antibodies fEx. 01 as identified in the attached chart. [Ex. N1 . The above-step 
necessarily occurred each time. Otherwise, the monoclonal antibody could not have 
been created. 



1204090.1 



10 



2. Cell Culture 

27. Besides the hybridomas used to create monoclonal antibodies, several lines 
of cells grown in culture were used in the experiments I conducted. Maintaining cell 
cultures involves some tasks on a daily basis, such as changing culture medium for 
each dish of cells, preparing and maintaining growth media and other solutions and 
reagents needed for culturing cells, and monitoring the growth state of the cells. In 
addition, for the propagation of cell lines, other components of maintenance are 
involved. 

28. I used several different types of cultured cells for different purposes. The time 
required to maintain cells in culture was between less than an hour up to several hours 
per day. Most cell lines grown in culture require maintenance and routine care 
approximately every 2-3 days. When an experiment needed to be started from a frozen 
stock of cells, a vial of cryo-preserved cells were thawed and placed in an appropriate 
growth medium. Cells were then allowed to proliferate until they reach a desired 
number of cells/ml medium or confluence (density or fullness per given growth surface, 
e.g., a culture dish). Depending on the growth rate of the particular cell type, this could 
take up to one week or sometimes longer before I was able to use the plate of cells for 
an experiment. 

29. The attached documents document the production and/or maintenance of 
numerous cell-line cultures fEx. 01 . as identified in the attached chart. fEx. Nl . 

[B001 559-1 561] The above-steps necessarily occurred each time. Otherwise, the cell 
cultures could not have been created or maintained. 
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3. Animal Protocols 

30. I was trained in protein biochemistry and was familiar with many of the classic 
biochemical techniques and protocols, as well as the laboratory equipment used to 
perform these procedures. During the course of my work on the present invention, I 
had to learn a number of new methods and techniques. Among them, I needed to 
familiarize myself with general animal handling procedures, namely, the breeding of 
mice and the maintenance of the mouse colonies. In particular, the initial phase of 
establishing a colony of mice was challenging. New animals were generally placed in 
quarantine for several weeks in order to minimize potential cross-infection. Upon being 
deemed free of contaminants, the animals were then allowed into the main facility. 
Before any experiments could be performed using the mice, I had to establish a new 
colony from the initial set of mice. 

31 . Each of my animal experiments required many subjects in order to 
compensate for individual variations and errors. To accommodate that requirement, we 
had to expand the colony to sufficient size and that took lots of time. Because the 
gestation period for mice is approximately 18-20 days, it would take, even under ideal 
circumstances, almost three weeks to obtain the first set of litters. Upon arrival of a 
litter, each mouse would be tagged, then "genotyped" (i.e., genetically determined by 
DNA analysis) to confirm its genetic profile. The results of this process would simply be 
recorded notebook as "positive (+)" or "negative (-)" dependent upon whether it had 
acquired the human p-amyloid gene associated with AD. 

32. My first attempts to expand a mouse colony stumbled initially, likely due to my 
inexperience with the procedures. Nevertheless, eventually I managed to obtain a 
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colony of the mice. Generally, mice reach maturity at the age of approximately 5-7 
weeks. At this point, they could be used for certain experiments; alternatively, they 
could be used for further breeding. 

33. Another challenge I discovered in animal experimentation is to obtain enough 
mice that are "age-matched" "background-matched" and "sex-matched", in order to 
obtain consistency in data acquisition. In particular, some of my experiments using 
animal models involved "aged" (~1+ year old) mice in which the age-dependent 
manifestation of Alzheimer-like disease was mimicked. To perform these experiments, 
it naturally required one year or longer after the arrival of a litter. For these reasons, it 
often takes a relatively large colony of mice to sustain a much smaller number of 
animals actually being used in experiments. This was particularly difficult as the adult 
mice tended to eat their newborn pups. 

34. In addition, my experiments involved a series of immunizations (injections) of 
mice. Typically, a first injection of antigen to trigger immune response ("immunization") 
was given to an animal; subsequently, about four to six weeks later a second 
immunization (called "boost") is given. The right interval between these injections is 
important in ensuring effective immune response in the mouse. Therefore, it would take 
a minimum of approximately two months from the time of the initial injection before I 
could obtain an animal that exhibited a robust immune response to a given p-amyloid 
antigen. 

35. The attached documents record the production and/or maintenance of the 
mouse colony [BlO], as identified in the attached chart. fEx. N1 . [B001 760-1 795] The 
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above-steps necessarily occurred each time. Otherwise, the colony could not have 
been created or maintained. 

36. Similarly, the attached documents record the immunization of mice fEx. OL 
as identified in the attached chart. [Ex. N1 . The above-steps necessarily occurred each 
time. Otherwise, the immune responses could not have been generated and boosted. 

4. Histology 

37. Histological analyses of tissues and organs involved a multitude of 
procedures. This was also an area of discipline that involved new techniques that I had 
to acquire. 

38. In general, histology involved the following steps, with some modifications: (1) 
Dissection/removal of tissue specimen of interest, (2) fixation of the tissue to preserve 
the integrity of the specimen, (3) post-fixation procedure such as dehydration with 
sucrose solutions, (4) freezing, (5) cryostat sectioning (6) mounting and slide 
preparation, (7) staining and other labeling procedures, (8) microscopy (light 
microscopy, confocal microscopy, fluorescent microscopy, etc) for label detection and 
morphological analysis. In order to learn these techniques, I used normal/wild type 
mice for 'practice 1 and continued until I was able to consistently perform the histological 
procedures with a reasonable degree of reliability and reproducibility. 

39. The attached documents document the histological analysis of mice fEx. 01 , 
as identified in the attached chart. fEx. N1 . The above-steps necessarily occurred each 
time. Some of the preliminary data were also included in my grant application submitted 
in October of 1998 (B000490). Otherwise, the data could not have been obtained. 
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5. Capillary Depletion Experiments and Other In Vivo Procedures 

40. I used a technique commonly referred to as "capillary depletion" to 
demonstrate in vivo transcytosis of vectorized antibodies across the blood brain barrier 
of the mouse. In short, this experiment addressed the question of whether a compound 
of interest crosses the blood brain barrier into the brain parenchyma of an animal by 
separating the vascular endothelium from the brain parenchyma by centrifugation and 
measuring radiolabel associated with each of the pools. The experiment is technically 
extremely challenging. In addition, the procedure required the use of radio-labeled 
compound to be introduced into an animal, and subsequent handling of the radioactive 
tissue samples for the centrifugation step as well as for isolation of separated layers, 
followed by scintillation counting. 

41 . The experimental setup for terminal surgery (i.e., the animal is killed for tissue 
harvesting and histological analyses) would take about one hour. The experimental 
procedures would be accomplished within one hour per mouse. The brain preparation 
and tissue harvesting would take about one-half hour per mouse. If radiolabeled test 
compounds were used, the cleanup time could take as much as an hour to comply with 
appropriate radiation safety protocols. 

42. The experimental setup for the pharmacokinetic study would then take about 
one hour. The study itself would be accomplished within about one hour to 48 hours 
per mouse, depending on the pharmacokinetic sampling protocol. Tissue harvesting 
and cleanup would require another hour per mouse, depending on whether radiolabeled 
substrates are used. 
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6. Graphics and Image Processing Workstation 

43. To visualize and analyze several of the experimental results, I learned to use 
the BBRI's graphics and image processing workstation. The workstation is a computer 
system that integrates application programs that allow the user to model and manipulate 
various mathematical, geometrical, and structural information into two- and three- 
dimensional graphic information. For biomedical and biological research purposes, the 
graphic workstation can be used to, for example, enter/input image data, extract 
aspects of information based on one or more variables and parameters of choice, and 
analyzing the information. I would input a scanned image of a cross-section of a mouse 
specimen histologically stained or radioactively labeled. The degree of intensity of the 
signal was indicative of the relative amount offer example, p-amyloid or anti-p-amyloid 
antibodies in the sample. I then quantitatively analyzed and graphically manipulated 
(e.g., using gradients of pseudo-colors, etc.) the data. 

44. In addition, I used the workstation to model chemical structures of p-amyloid 
peptides at the atomic and or molecular levels. Using these features, I could graphically 
represent a molecular or chemical structure of a known or newly synthesized p-amyloid 
peptide. The workstation also allowed energy calculations and structural/conformational 
analyses of peptides. I used the graphics workstation to perform energy and 
conformational analyses of transition state verses native Alzheimer's disease- 
associated peptides. 

45. Using of the workstation and associated software programs was quite 
complicated. I had a demonstration of basic features of the system by colleagues, 
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followed by an extensive trial-and-error process to obtain results. I learned how to use 
the graphic workstation for the purpose of modeling, analyzing and representing 
molecular structures for my research over the course of many months. 

46. Unlike specific experiments being conducted, it is more difficult to point out the 
exact date and time when I was learning to use the workstation to further my research 
and grant-writing, although it was quite significant. I spent many hours, quite possibly 
as many as one hundred hours, using and learning the graphic workstation, and many 
of these sessions may not have yielded actual data or analyses of data to which the 
exact time of use can be traced. 

47. The attached documents record the graphics workstation analyses \Ex. 01 . 
as identified in the attached chart. fEx. N1 . The above-steps necessarily occurred 
before this work. Otherwise, the data could not have been obtained. 

B. Specific B-amvloid Alzheimer's Vaccine Experiments 

48. Before December 2, 1 997, 1 had conceived of p-amyloid active and passive 
Alzheimer's vaccines, and I had generated a number of hybridoma cell lines in an effort 
to establish useful monoclonal antibodies to p-amyloid ("Alz PS"). I had obtained ELISA 
assay results, showing some positive and negative results for the Alz PS clones. 
(B001450). I continued to screen for monoclonal antibodies by ELISA assays. 
(B001451). 

49. Before December 2, 1997, I had successfully used those monoclonal 
antibodies in an antibody:polyethylene glycol (PEG) assay that measured the binding of 
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native, human full-length radioactive ( 125 l) P-amyloid to monoclonal antibodies 5A11, 
2E3, 5G11, 2H11, 11H2. (B001452-B001453). 

50. Human p-amyloid exists in several forms and, as a native protein, may not be 
expected to be antigenic. Thus, before December 2, 1997, I synthesized a mixture of 
four peptides encompassing amino acids 10-25 of native human p-amyloid plus a 
cysteine for thioether coupling to an antigenic carrier. These peptides included the 
native human sequence (Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp- 
Val-Gly) plus three modified versions in which the two phenylalanine residues were 
randomly substituted with a statine transition state analog of phenylalanine ((3S, 4S)-4- 
amino-3-hydroxy-S-phenylpentanoic acid, abbreviated AHPPA, phenylstatine, PS or 
phenylsta). 

51 . The presence of each of those designated peptides was verified by mass 
spectral analysis. It showed masses for the native form of 2021 and its Na+ adduct 
2043 as well as the expected transition state analog masses of 2066, 2088 (Na+) and 
21 10. That mixture of native and transition state peptides has been abbreviated 
phenylstatine. Alz PheSta, Alz PS and Alz TS. Coupling this mixture of native and 
transition state p-amyloid peptides to maleimide activated Keyhole Limpet Hemocyanin 
created the first Alzheimer 1 s vaccine (that composite vaccine was abbreviated Alz-KLH 
or Alz-TS-KLH, indicating Alzheimer-Keyhole Limpet Hemocyanin and Alzheimer- 
Transition State-Keyhole Limpet Hemocyanin). (B001458-B001466). 

52. The purification of the synthesized peptides was completed before December 
2, 1997. The HPLC (high pressure liquid chromatography) analysis yielded peaks 
representing synthesized peptides of discrete masses, and the data also indicated that 
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the material in the late peak did not dissolve well in water and may have been an 
amyloid complex. In addition to the HPLC analysis, mass spectral analyses were also 
carried out in order to verify the identity of the peptides. (B001467-B001481). 

53. Before December 2, 1997, 1 then went on to immunize four mice with the 
Alzheimer's peptides. Initially, the mice were vaccinated with 50 micrograms of Alz-TS- 
KLH in complete Freund's adjuvant (CFA) and then boosted with the same antigen in 
incomplete Freund's adjuvant (IFA) four months later. (B001482). The timing of the 
second boost is important for ensuring effective immune response in order to optimize 
the subsequent step of monoclonal antibody production. 

54. Hybridoma cell fusions for the production of monoclonal antibodies were 
performed a month after the vaccination with IFA and several days after a subsequent 
i.v. booster injection with the antigen in PBS. This procedure involved isolating the 
spleen cells from immunized mice and carrying out somatic cell fusion of the immune 
cells with a highly proliferative line of myeloma cells in culture. At this point, I grew 
these hybridomas in culture and diluted the samples to isolate clonal colonies. Each 
colony, representing dividing cells derived from a single cell origin (clonal), was 
manually isolated, then the isolated colony was in turn grown separately to establish 
each hybridoma line. (B001483-B001493). This process typically takes several weeks 
to a few months. 

55. Before December 2, 1997, I also worked on establishing additional p-amyloid 
peptides to be used as a vaccine. Assorted human p-amyloid peptides were 
synthesized, which were distinct from those made previously but were constructed 
using a similar random substitution strategy. Thus, this peptide synthesis was designed 
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to yield a mixture of eight peptides encompassing amino acids 35-43 of native human p- 
amyloid plus a cysteine for thioether coupling to an antigenic carrier. These peptides 
included the native human sequence (Met-Val-Gly-Gly-Val-Val-lle-Ala-Thr) plus seven 
modified versions in which the valine and isoleucine residues were randomly substituted 
with a statine transition state analog. This peptide mixture was abbreviated AlzSta as 
opposed to the Alz-phenylstatine or AlzPS designation for the first peptide. The human 
amyloid p-peptide termed Alz 14-25 C-Y was designed both as a vaccine to generate 
antibodies and as a central region peptide that was labeled with radioactive iodine. 
(B001494-B001519). 

56. In order to convert these peptides into usable vaccines, I then carried out 
chemical coupling of the peptides with an immune stimulant that acts as a carrier. The 
coupling of the Alz-statine peptide mixture synthesized to both maleimide activated 
Keyhole Limpet Hemocyanin (KLH) and maleimide activated Ovalbumin (OVA), which 
are commonly used carriers in the conjugation of peptides for antibody production, was 
conducted before December 2, 1997. This process created antigens for vaccination. 
The non-conjugated peptides were used for ELISA analysis of monoclonal antibodies. 
(B001520). 

57. To generate an ascites which is a rich source of these different monoclonal 
antibodies directed against human p amyloid, immunization of mice using these antigen 
was carried out before December 2, 1997. Five mice were vaccinated with the 
AlzStaKLH peptides in CFA. The mice were then boosted with the same antigens in 
IFA four or five weeks later and finally an i.v. booster one month later with the antigen in 
PBS. (B001521-B001523). 



1204090.1 



20 



58. I analyzed monoclonal antibodies generated using the p-amyloid peptide 
vaccine Alz-TS-KLH before December 2, 1997. I screened antibodies by ELISA 
assays. The spleen for the hybridoma fusion was obtained from one of the mice initially 
immunized. As predicted, this ELISA data proved that vaccination with the composite 
vaccine produced some antibodies that bound to native, human, full-length, p-amyloid, 
some that bound exclusively to the statine transition state peptide, and some that cross- 
reacted with both the native and transition state peptides. (B001524-B001556). 

59. Before December 2, 1997, 1 carried out comparative analyses of the 
biodistribution of intravenously injected native, human, full-length, radioactive 125 l-p- 
amyloid in an untreated mouse versus a mouse that had been previously immunized 
with the ALZ Phenyl Statine composite vaccine. (B001557-B001558). This 
demonstrated that immunization of an animal with a human p-amyloid vaccine can 
effect the distribution of human p-amyloid in the body of an animal. Thus, it was shown 
that p-amyloid vaccination had the potential for a positive therapeutic impact on the 
Alzheimer's disease process. 

60. I subsequently started preparing frozen stocks (liquid nitrogen) of early 
hybridoma clones that produced Alzheimer's disease-related antibodies directed against 
human p-amyloid, including Alz phenyl Statine clones, which were derived from animals 
that had been immunized with the Alz-Phenylstatine vaccine. Similarly, frozen samples 
from the Alz-Statine clones that were derived from animals that had been immunized 
with the Alz-Sta peptide vaccine were also prepared before December 2, 1997. 
(B001559-B001584). 
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61. Native, human, full-length, radioactive 125 l-p-amyloid (abbreviated 125 l-Alz 
peptide) was purified by HPLC before December 2, 1997. (B001585). 

62. Subsequently, I performed before December 2, 1997, PEG assays and 
measured the direct binding of native, human, full-length, radioactive p-amyloid (" 125 l- 
Alzi-45") to a vast array of monoclonal anti-phenylstatine antibodies. These antibodies 
were obtained from a hybridoma fusion that used the spleen of a mouse that was 
immunized with the first vaccine synthesized. (B001586-B001608). 

63. Before December 2, 1997, 1 began preparing a new set of hybridomas from 
the spleen of an animal immunized with the AlzStaKLH composite peptide vaccine 
(B001609-B001663). Subsequent ELISA analyses followed. 

64. Also before December 2, 1997, 1 anticipated the need for an animal model to 
test the effectiveness of this vaccine therapy for Alzheimer's disease. I read that such a 
model was freely available to researchers (Hsiao, K., P. Chapman, S. Nilsen, C. 
Eckman, Y. Harigaya, S. Younkin, F. Yang, and G. Cole. 1996. Correlative memory 
deficits, Ap elevation, and amyloid plaques in transgenic mice. Science 274:99-102). I 
telephoned Dr. Hsiao about the procedure for obtaining breeder animals needed to 
begin a colony of Tg2576 transgenic Alzheimer 1 s mice. After some time, I received an 
initial response from Dr. Hsiao to the request that I had previously made for obtaining 
Alzheimer's animal model. More specific correspondence regarding the delivery and 
handling of the Tg2576 mice occurred. (B001731-B001733). 

65. Before December 2, 1997, our animal facility at BBRI finally received the 
delivery of the requested transgenic mice, Tg2576. The 2 female Tg2576 mice were 
used as 'founders' to begin our transgenic Alzheimer's mouse colony. About 7 months 
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was required to establish a viable Tg2576 colony of sufficient size to proceed with active 
and passive immunization experiments. (B001734). 

66. I subsequently laid out a schedule for and began passive immunization of 
Tg2576 mice using the 5A1 1 monoclonal antibody. This antibody binds to human (3- 
amyloid and was produced from a hybridoma fusion that used the spleen of a mouse 
that was immunized with the first vaccine synthesized. (B001800). 

67. Before December 2, 1997, 5 normal mice were pristane primed and then on 
March 20, were injected with AlzSta clones 1 1 E9, 5C7 and AlzPS clone 5A1 1 . This 
procedure generates an ascites which is a rich source of these different monoclonal 
antibodies directed against human p-amyloid. (B001521-B001523). 

68. Before December 2, 1997, 1 conducted a biodistribution study of radioactive 
human p-amyloid Api_4 0 in mice immunized with p-amyloid versus control mice 
immunized with KLH. (B001664-B001666). I also carried out related experiments 
measuring the blood levels of radioactive human p-amyloid after injection into mice 
passively and actively immunized with human p-amyloid agents. (B001667-B001674). 

69. Experimental activities during the period between late 1997 to late 1998 
may be characterized as the transitional time, in which earlier biochemical and 
cellular-based data culminated into in vivo animal-based applications. Accordingly, 
in addition to my continued effort to prepare for and submit grant applications, 
much of my time during this period was spent on obtaining and maintaining 
appropriate mouse colonies, ensuring for compliance with the institutional animal 
use protocols, and learning new animal-based laboratory techniques involved in the 
process. 
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70. In particular, I focused on in vivo experiments pertaining to vaccines using 
transgenic mice. More specifically, the Alzheimer technology I developed during 
this time period encompassed active as well as passive immunization for the 
treatment and/or prevention of Alzheimer's disease. The active vaccines I 
developed included both naturally occurring p-amyloid peptides as vaccines to elicit 
conventional (binding) antibodies and transition state analog p-amyloid peptide 
vaccines to elicit catalytic antibodies that bind and hydrolytically cleave p-amyloid 
into harmless fragments. For passive vaccination I initially injected either 
conventional binding antibodies directed against naturally occurring p-amyloid 
peptides or catalytic antibodies directed against transition state analog p-amyloid 
peptides. 

71. Work on these basic concepts (active binding vaccines, passive binding 
antibodies, active catalytic vaccines and passive catalytic antibodies) was 
simultaneously initiated before December 2, 1997 when I synthesized the first 
multiplex peptide cocktail. I designed that preparation to contain both natural and 
transition state analog p-amyloid peptides. I proceeded to use that formulation as 
an active vaccine in normal and transgenic mice so that both conventional and 
catalytic antibodies would be induced. I subsequently derived both conventional 
and catalytic monoclonal antibodies from normal immunized mice and utilized those 
anti-P-amyloid antibodies as passive vaccines. 

72. While the active and passive immunization of the transgenic mice 
described above was progressing, I continued to simultaneously develop three 
closely related areas: 1) catalytic antibodies designed to cleave and inactivate p- 
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amyloid, 2) vectorized bispecific antibodies designed to deliver anti-p-amyloid 
antibodies across the blood-brain barrier and into the central nervous system and 
3) additional new vaccines to cure/prevent Alzheimer's disease. These studies and 
the corresponding data generated are best summarized in the six grant 
applications Bates numbered B00269A-, B000270- and its resubmission B000476-, 
B000313-, B000340- B000366-. Furthermore, yet other areas of vaccine research 
were ongoing. This additional work is documented in B001565, B001564, 
B001566, B001675, B00673, B000749, B001804 and B001675-B001682. 

73. Regarding evidence of activities conducted during this time period, much 
of the relevant data was obtained with and is stored on a computer-based 
molecular imager workstation. That data is mostly in the form of dated digital 
image files. This collection of data is provided in two groups. One set has been 
printed directly from the workstation that automatically incorporates the date 
created. This set is identified by Bates numbers B001816-B001939, and includes 
both a listing of the files (B001816-B00I845) and the image files themselves (black 
and white) (B001846-B001939). This first set contains the computer file listing for 
all of the Alzheimer's vaccine related material found on the molecular imager 
workstation that was created between 11/25/97-2/26/03. The second set contains 
related data (color images) that was printed from the computer and has been hand 
dated according to the associated file listing. In this second set the file listing is 
identified by B001940-B001941, and the images are identified by B001942- 
B002001. 
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74. The molecular imager workstation is used to collect and visualize 
quantitative images of radioactive or light-emitting samples. Briefly, during this 
time period I used this system to collect data for the following categories of 
Alzheimer's vaccine research: 

1) Catalytic Antibodies: detect and measure the ability of catalytic 
monoclonal antibodies to cleave radioactive p-amyloid into smaller 
fragments; 

2) Passage of Anti-p-Amyloid Antibodies Across the Blood-Brain Barrier: 
detect, visualize and measure the ability of radioactive vectorized 
bispecific antibodies to enter the brain of living normal and transgenic 
mice over the course of time following passive immunization; 

3) Genetically Engineered p-Amyioid Fusion Vaccines: determine the 
size of fluorescently tagged genetically engineered p-amyloid DNA 
that we used to make new fusion vaccines for active immunization; 

4) Interaction Between p-Amyloid and Anti-p-Amyloid Antibodies: follow 
the migration of radioactive or fluorescent p-amyloid peptides on gels 
and measure their binding to the different monoclonal anti-beta 
amyloid antibodies; and 

5) Assorted additional experiments, files, grant material, etc. related to 
my Alzheimer's vaccine research. 

75. The image data in the first and second set of documents indicates that 
there was consistent development in areas 1-4 from December 1997 through the 
end of April 1998, and then more in June and August 1998, when a series of 
vaccine experiments was completed and the animals were ready to be analyzed 
histologically. 
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76. To analyze and document histological evidence of these experiments, the 
brain tissues were collected and analyzed in September 1998. I looked at the 
multiple microscope slides prepared by the SERI Morphology Group during this 
period, including slides having the following designations: 1363 Brown AA92 (-), 
1363 AA92 Black +, 9/17/98. 1391 Alz KLH, 1072 10jj, 9/17/98. 1095 9-10-96 
Treated (this is smudged and is probably 1095 9-10-98 Treated). 1391 Control 
KLH, Normal 12p 9/17/98. These designations correlate with document B01803, 
and can probably be correlated with the treatment schedules on the mouse cage 
cards and the mouse inventory sheets. 

77. Much of the work described above is summarized in my grant 
applications, for example, a PHS 398 form submitted to NIH in October 1998, 
entitled "Cerebral Delivery of Vectorized Anti-p-Amyloid Antibody" (Bates No. 
000476-). Included in the grant application is a set of preliminary data that I had 
collected up to this point, since I first conceived the invention in 1996. In 
particular, much of the crucial data involving in vivo systems, i.e., mouse models, 
came from my experiments conducted during the time period at issue. These 
include preliminary data regarding: Transcytosis of bispecific antibody into the 
brain (B000505-506); Monitoring the brain distribution of bispecific antibody in live 
mice (B000506-507); Distribution of plaque development in transgenic mice 
(B000507). Each is briefly discussed below. 

78. It is always a challenge to deliver a pharmaceutical composition to the 
brain because of the existence of the "blood brain barrier." The blood brain 
barrier is a membrane that controls the passage of substances from the blood into 
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the central nervous system. It is a physical barrier between the local blood 
vessels and most parts of the central nervous system and stops many substances 
from traveling across it, thereby presenting technical obstacles in therapies 
associated with the brain of an animal. 

79. To overcome this barrier, I sought to "vectorize" the antibody, that is, to 
couple it to another antibody against a protein that is present in the inner wall of 
the blood vessel so that it promotes the attachment of the compound to the wall, 
and subsequent "uptake" or crossing of the barrier. The "transcytosis of bispecific 
antibody" experiment demonstrated that the bispecific antibody could indeed 
cross the blood brain barrier and be actively delivered into the brain of normal 
mice. 

80. This was determined by a set of experiments called capillary depletion 
method. In short, the significance is that when the labeled vectorized bispecific 
antibody is injected i.v. into mice, it was able to attach to appropriate receptors on 
the luminal side of the vessel then cross the blood brain barrier by the process of 
transcytosis. This allowed the delivery of the bispecific antibody in the brain, 
where the A(3 is localized. 

81. Once I obtained the data showing that the bispecific antibody is indeed 
capable of crossing the blood brain barrier and be delivered into the brain of 
normal mice, I then conducted experiments to monitor the brain distribution of 
bispecific antibody using live mice. Series of data of brain images were 
sequentially collected at various time points after the i.v. administration of the 
bispecific antibody. 
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82. Having established that the vectorized bispecific antibody that binds to 
Ap aggregates was capable of being delivered to the cite of interest (the brain) in 
normal mice, I then sought to test its effectiveness in the Tg2576 transgenic 
animals, which exert pathological features that are a murine equivalent of human 
AD. Indeed, these transgenic animals form Ap plaques, which are a hallmark of 
the disease in humans. 

83. I invested much time and effort during this time in establishing a 
transgenic mouse colony so that I would have a sufficient number of mice to be 
used in testing my reagents. By this time, I was able to learn and perform some 
histology, e.g., process and cut brain sections for immunocytochemical and 
thioflavin S detection of amyloid plaques in these mice. And my transgenic 
colony had just been expanded enough for performing experimental studies on 
the cerebral delivery of anti- Ap antibodies. I referred to this work in my grant 
applications filed October 21, 1997 f Ex. R1 and December 11, 1997 f Ex. SI . which 
reflect the laboratory work that had been performed before December 2, 1997. 

84. As can be seen from the attached chart [Ex. Nl and the documents it cites 
[e.g., B001 760-1 795; 001807-1812; 001796; 001800; 000744-745; 000746-748; 
000754-756], I continued to work in the lab on a p-amyloid Alzheimer's vaccine. For 
example, in Cage ID AA-92, the white and black mice were immunized with Alz-KLH in 
CFA on September 12, 1998 and boosted on October 24, 1998 while the brown mouse 
got KLH control immunizations on September 13, 1998 and October 24, 1998. These 
experiments were designed to test the injection of Alzheimer* s vaccines (active 
immunization) for therapeutic effect. The comments column reading DOA 9/16/97 
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2Bk=5A1 1 and the other which reads "DOA 9/16/97 Br=5A1 1" designate animals that 
were treated with the purified 5A1 1 monoclonal antibody. These kinds of experiments 
were designed to test the injection of anti-Ap (passive immunization) for therapeutic 
effect. The 5A1 1 antibody binds human p-amyloid and was obtained from the 
hybridoma fusion which used one of the mice initially immunized. (B001760-B001799). 

85. Similarly, on August 11, 1998 and September 22, 1998, I requested 
histological analyses from SERI Morphology service. Frozen brain sections were cut for 
the Tg2576 mice. We stained and examined these sections microscopically for the 
presence of p-amyloid plaques. A sheet dated September 22, 1998 lists some of the 
microscope slides with brain sections from Tg2576 mice that were treated with the 5A1 1 
anti-human p-amyloid monoclonal antibody passive vaccine. (B001801-B001803). 

86. On September 12, 1998, 1 outlined an immunization schedule and vaccine 
components, and for immunizing the ALZ Tg2576 mice. As indicated the vaccine was 
comprised of a cocktail of three different human native p amyloid peptide-KLH antigens. 
NH2-terminal-KLH is amino acids 1-16 of human p amyloid coupled to KLH via a 
cysteine-mediated thioether linkage. Middle-peptide-KLH is amino acids 10-25of human 
P-amyloid coupled to KLH via a cysteine-mediated thioether linkage. COOH-terminal- 
KLH is amino acids 35-43 of human p amyloid coupled to KLH via a cysteine-mediated 
thioether linkage. The brains of these mice were removed for sectioning and analysis on 
October 23, 1999 (B001804-B001812). 
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87. Invention Disclosures 

88. I submitted invention disclosures for my p-amyloid vaccine to the BBRI on 
November 22, 1996 [Ex. AF1 . November 4, 1997 fEx. AG1 , and December 7, 1998. [Ex, 
AH] The BBRI declined to file a patent application the first two times, requesting 
additional data to support the patent application. The third time, it was judged that I had 
developed sufficient data, thanks in part to the small SBIR grant I received in 1998. 
Accordingly, the BBRI decided to file a patent application at that time. 

89. I discussed the patent application with BBRI's outside patent agent on 
February 23, 1999. She requested some further information, which I provided heron 
February 26, 1999. [Ex. All . On March 2 t 1999, she sent me a facsimile requesting 
electronic copies of some of my grant applications relating to my p-amyloid vaccine. 
fEx. AJ1 . I provided that information to her, and also provided her with additional data 
on March 5, 1999. 

90. I reviewed several draft patent applications from BBRI's patent agent and 
provided comments, revisions, and any requested data. I understand that she filed the 
application on June 22,1998 as Patent Application No. 60/050,388. 

The above statements are made with the knowledge that willful false statements 
may be punishable as provided by 35 U.S.C. 25 and 18 U.S.C. 1001. ^ 




VICTOR A. RASO, Ph.D. 
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JUL 18 1007 

AFFIDAVIT OF VLADIMIR VQLLOCH 

Vkdimir Volloch, depose and swear as follows: 

1 . I was employed by Boston Biomedical Research Institute, then located at 20 
Stamford Street, Boston Massachusetts 021 14 ( U BBRT), between January 1, 1983 and 
March 3 1 , 1 998, and am currently employed by Tufts University. 

2. On May 2, 1996, beginning at 12:00 p.m., 1 presented a lecture at BBRI entitled 
"Alzheimer Disease - A Minireview/ 7 

3 . On May 2, 1 996, shortly after the lecture, I had a conversation with Victor Raso. 
I recall that Dr. Raso discussed his ideas on the development of both active arid passive vaccines 
for curing or preventing Alzheimer's disease by using beta-amyloid as an antigen. He mentioned 
using native beta-amyloid antigens to elicit antibodies that would tightly bind beta-amyloid and 
• sequester it in the body. I recall that he also proposed the use of transition state beta-amyloid 
antigens that would generate catalytic antibodies that could irreversibly cleave beta-amyloid into 
harmless fragments. 

Dated at \ i^/^^ , Massachusetts, this * *L day of September, 2003 . 

By: '0 ;\J 




Vladimir Volloch \ 

COMMONWEALTH OF MASSACHUSETTS 
COUNTY OF MIDDLESEX, SS. 

On this l2^J^ of September, 2003, personally appeared Vladimir Volloch, known to ' 
me, or satisfactorily proven to be the person who is the signatory to. the foregoing, and made oath 
that the forgoing instrument, subscribed by him/her, is true. 

Before me, 
Notary Pubfic " 

My Commission Expires: / O^^Of 

BTV/250066:1 . 
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iVjv ^ftl^ J AFFIDAVIT OF HENRY PAULUS 

[enry Paulus, depose and swear as follows: 

I am an employee of Boston Biomedical Research Institute, 69 Grove Street,- 
Watertown, Massachusetts ("BBRT), and have been employed by BBRI since November 6 
1975. 

2. On May 2 ? 1996 7 beginning at 12:00 p.m., I attended a lecture at BBRI given by 
Vladimir Volloch. The lecture was entitled "Alzheimer Disease - A Minireview." 

3. On May 2, 1996, shortly after the lecture, I had a conversation with Victor Raso. 
I recall that Dr. Raso discussed his ideas on the development of both active and passive vaccines 
tor curing or preventing Alzheimer's disease by using beta-amyloid as an antigen. He mentioned 
using native beta-amyloid antigens to elicit antibodies that would tightly bind beta-amyloid and 
sequester it in the body. I recall that he also proposed the use of transition state beta-amyloid 
antigens that would generate catalytic antibodies that could irreversibly cleave beta-amyloid into 
harmless fragments. 

Dated at Watertown, Massachusetts, this /2X day of September, 2003/ 



Bv: 



Henry Paulus 



COMMONWEALTH OF MASSACHUSETTS 
COUNTY OF. MIDDLESEX, SSi 

On this /^^ day of September, 2003, personally appeared Henry Paulus, known to me, 
or satisfactorily proven to be the person who is the signatory to the foregoing, and. made oath that 
the forgoing instrument, subscribed by him/her, is true. 

Before me. 

Notary Public^ '/ (/ . ~ 
My Commission Expires: p 

BTV/250030.1 " 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



. ~nt(s): 



Victor Raso 



Application No.: 
Filing Date: 
Title: 



09/992,994 
November 6, 2001 

IMMUNOLOGICAL CONTROL OF p-AMYLOID LEVELS IN VIVO 



Art Unit: 



1652 



Examiner: 



Patterson, C. 



DECLARATION OF HENRY PAULUS, PH.D. 



Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 
Dear Sir: 

I, Henry Paulus, do hereby declare and say: 

1. I am a Senior Scientist, with tenure, at the Boston Biomedical Research Institute 
(BBRI). I joined BBRI in 1975 as a Senior Scientist and Director of the Department of 
Metabolic Regulation (1975-1992) and have served as Deputy Executive Director 
(1983-1985), Executive Director (1985-1987) and Director (2001-2003). I also served 
as Deputy Director (1990-2001). 

2. I have also served since 1969 as an Associate Professor in the Department of 
Biological Chemistry and Molecular Pharmacology at Harvard Medical School. I have 
held several positions in the Department of Biological Chemistry at Harvard Medical 
School, including Instructor (1961-1964), Associate Profoooo f (1964-1967), and 



Assistant Professor (1967-1969). I received a BA and B.S. in (1957) and a Ph.D. 
(1959) from the University of Chicago. I was also a Postdoctoral Fellow in the 
University Chemical Laboratory at Cambridge University, England (1959-1960) and in 
the Department of Chemistry at Harvard University (1 960-1 961 ). 

3. I attended a seminar by Dr. Vladimir Volloch at BBRI on May 2, 1996 beginning 
at 12:00 p.m. fEx. A1 . Vic also attended the lecture. After the lecture, Vic spoke to 
Vladimir and me about his idea to use (3-amyloid as an antigen to generate active and 
passive vaccines for Alzheimer's Disease. Vic discussed using various native (3- 
amyloid antigens to elicit antibodies that would tightly bind (3-amyloid in the body and 
sequester it. He also proposed the use of transition state (3-amyloid antigens to 
generate catalytic antibodies that would irreversibly cleave (3-amyloid into harmless 
fragments. 

4. The BBRI is an independent, not-for-profit biomedical research institute. As 
such, it is dependent upon federal grants, principally from the National Institutes of 
Health (NIH), for its revenues. The typical NIH grant received by BBRI provides the 
BBRI with direct costs for the research project (salaries, supplies, etc.) and, indirect 
costs (overhead costs, such as light, heat, administrative services, etc.) [Ex. B at p. 7]. 
With few exceptions, the salaries of BBRI faculty are paid by such grants as direct 
costs. BBRI faculty are expected to be self-funded, generating their income via such 
grants. 

5. While the BBRI depends upon grants to pay faculty salaries as direct costs, such 
grants are also very important to the BBRI because they fund the overall budget as 
indirect costs. Otherwise, the grant would not reimburse BBRI for the cost of the entire 
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project [Ex. B at p. 4]. The Director of BBRI or, in his/her absence, the Deputy Director 
is responsible for all financial matters [Ex. B at p. 13]. From my service as Deputy 
Director, as well as my other positions at BBRI, I am particularly aware of the 
drawbacks of grants that do not include indirect costs. Each time the BBRI accepts 
such a grant, it is essentially losing money. 

6. Because BBRI faculty are expected to be self-funded, they are expected to 
generate new grants regularly. BBRI faculty hold appointments of three, four, and five 
years for Scientists, Principal Scientists, and Senior Scientists, respectively Ex. C at p. 
B-06a]. Reappointment to an additional term is dependent upon four criteria. The 
primary criteria is grant support fEx. C at p. B-03]. In certain cases, however, BBRI will 
award tenure to faculty members, resulting in a permanent appointment rEx. D at p. 4]. 

7. The BBRI provides temporary funding to faculty members who are thought to be 
likely to regain funding fEx. E at p. A-22]. Bridge Support is available for only one year, 
other than in "exceptional circumstances." Ex. C at p. E-06]. The primary criteria for 
determining whether such an exceptional circumstance exists is the probability of 
funding fEx. C at p. E-06]. As Deputy Director, I was a member of the Committee on 
Research (COR), which makes recommendations regarding Bridge Support, in 1996 
fEx. F at p. 1]. 

8. Vic was already on Bridge Support when the BBRI formalized its policy. He 
requested a second year of Bridge Support in late 1996. In support of his request, he 
indicated that he was actively working on five different grant applications fEx. G at p. 1]. 
Although he did not appear to meet the new criteria, the Committee approved further 
Bridge Support, although for only 8 months, not a full year rEx. F at p. 2]. 
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9. Vic continued to seek funding. His many and repeated efforts were not 
successful, however. Vic also tried to obtain other sources of funding, seeking Small 
Business Innovation Research Grants (SBIR), as well as grants from the Alzheimer's 
Association. Having failed to get the typical NIH grants, Vic tried these sources, even 
though he knew the BBRI was not terribly interested in such grants because such 
grants do not provide full indirect costs. Indeed, Vic was a member of the COR that 
voted to contingently grant further bridge support to a faculty member [Ex. F at p. 1]. 
That vote was contingent on the faculty member obtaining NIH funding. The COR 
specifically stated that "an Alzheimer's [Association] grant would not be enough." [Ex. F 
at p. 1]. 

10. Vic continued to fail to obtain funding. Therefore, it appeared likely that he would 
not be reappointed as a Senior Scientist when his term ran out in 1999. 

1 1 . Moreover, BBRI allocates laboratory space based upon funding and utilization 
levels [Ex. C at p. B-06a]. Besides facing the likely prospect of not being reappointed, 
Vic was at risk of losing some or all of his laboratory space. This did happen to Vic so 
that, by late 1999, he had lost all his space except for one-half a laboratory bench and 
his office. 

12. Although Vic was not meeting BBRI's requirements, I always enjoyed working 
with him and kept apprised of his activities. At this time, Vic was constantly working on 
grant applications in an attempt to obtain a salary to support himself and his family, as 
to retain his position on the faculty, and to retain his laboratory space. From January 
1997 until August 1999, he prepared and submitted 16 grant applications. He asked me 
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for my comments on several of these applications. These 16 grant applications all 



concerned Alzheimer's Disease, particularly the use of antibodies to (3-amyloid: 



Date 


Type of Grant (Form) 


Title 


Bates Number 


01/15/1997 


NIH (PHS 398) 


AMYLOID p PEPTIDE EQUILIBRIA IN 
"ALZHEIMER S MICE" 


B000030 


08/29/1997 


NIH; SBIR (6246-1) 


IMMUNOTHERAPY OF 
ALZHEIMER S DISEASE 


B000093 


10/21/1997 


NIH (PHS 398) 


AMYLOID p PEPTIDE EQUILIBRIA IN 
ALZHEIMER S MICE 


B000223 


12/11/1997 


NIH; SBIR (PHS 6246-1) 


CEREBRAL ANTIBODY DELIVERY 
TO TREAT ALZHEIMER S DISEASE 


B00269A-269Y 


01/26/1998 


NIH (PHS 398) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-P-AMYLOID 
ANTIBODY 


B000270-312 


04/13/1998 


NIH; SBIR (PHS 6246-1) 


CATALYTIC ANTIBODIES TO 
INACTIVATE P-AMYLOID 


B0003 13-339 


05/20/1998 


NIH (PHS 398) 


VACCINE TO MODULATE 
SYSTEMIC p- AMYLOID LEVELS 


B000340-365 


05/27/1998 


NIH (PHS 398) 


PROBE TO VISUALIZE CEREBRAL P- 
AMYLOID PLAQUES 


B000366-392 


09/01/1998 


Alzheimer's Association 
(KRS) 


VACCINE TO MODULATE 
(SYSTEMIC) BETA-AMYLOID 
LEVELS 


B000432-449 


09/03/1998 


Alzheimer's Association 
(KRS) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-P-AMYLOID 
ANTIBODY 


B000393-413 


09/04/1998 


Alzheimer's Association 
(KRS) 


CATALYTIC ANTIBODIES TO 
INACTIVATE P-AMYLOID 


B0004 14-431 


10/11/1998 


NIH (PHS 398) 


CEREBRAL DELIVERY OF 
VECTORIZED ANTI-BETA-AMYLOID 
ANTIBODY 


B000476-523 


01/19/1999 


NIH (PHS 398) 


IMMUNOTHERAPEUTIC AGENTS TO 
TREAT ALZHEIMER'S DISEASE 


B000141 


01/27/1999 


NIH (PHS 398) 


NOVEL TRANSITION STATE 
PEPTIDE ANALOG ANTIGENS 


B000524-569 


04/12/1999 


NIH; SBIR (PHS 6246-1) 


BIPHASIC PROBE TO VISUALIZE 
INTRACELLULAR BETA-AMYLOID 


B000450 


08/13/1999 


NIH; SBIR II 
(PHS 6246-2) 


IMMUNOTHERAPY OF 
ALZHEIMER'S DISEASE 


B000187 



1 3. In my experience at BBRI, this is a tremendous number of grant applications to 
prepare and submit in about 2 14 years, especially for someone working largely on their 
own. The submission of a grant application to is a major undertaking, which can take 
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three to six months to write. For example, the Grant Application Writer's Handbook, 
published in 1995 by Liane Reif-Lehrer (Jones & Bartlett, publishers) describes the 
various steps in grant application writing and the amount of time these typically take, 
several weeks to several months for preparation of an application alone {excluding the 
time it requires to accumulate the preliminary data on which the grant application is 
based) [ExJH]. Vic was able to submit so many grant applications during this period 
because he was working on them non-stop. 

I understand that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the above-identified 
patent. 




Henry Paulus, Ph.D. 



Pat: 7^ ^7 
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STRATEGIC PLAN OUTLINE 



|1 SCIENTIFIC PROGRAM" 



L Faculty Development 

A. New Faculty Recruitment 

B. Bridge Support 

C. Fringe Funding 

D. Unreimbursed Indirect Costs 

E. Scientific Support Initiative 

H Capital Equipment 

A. Structural Biology Facility 

B. Protein Expression Facility 

IH Space 



BUSINESS PROGRAM 



L Revenues 

A. Grants (Faculty-Initiated) 

1. Federal 

2. Other Agencies (Non-Federal) 

3. Pharmaceutical/Industrial Collaborations 

B. Development/Public Relations 

C. Investments 

D. Technology Transfer 



II. Expenses 

A. Directs 

B. Indirects 



BOSTON BIOMEDICAL RESEARCH INSTITUTE 
Program for the Future 



Strategic Plan 



SCIENTIFIC PROGRAM 



I. Faculty Development 

The long-range scientific strategy is to build upon our current reputation as the 
center for muscle research in the Boston community by not only further developing 
this area of investigation but also developing two additional interacting areas of 
research excellence. These two additional areas will be cellular communication and 
cellular growth. By developing strong basic science programs in these three 
overlapping specialities, we will have the necessary depth and scope to be able to 
make major contributions to health issues such as stroke, heart failure, and 
hypertension. 

In the area of muscle research, additional scientists in the field of nonmuscle 
motility should be recruited. The successful recruitment of scientists working on 
novel molecular motors and on cytoskeletal-matrix interactions in nonmuscle cells 
will allow the Institute to apply its half-century of expertise in contractile proteins to 
much broader questions such as the "crawling" of cancer cells during metastasis and 
the trafficking of messages within cells. Thus, these scientists should be able to 
interact not only with the muscle group, but also the cell growth group and the cell 
communication group. 

In the area of cell communication, the Institute already has considerable expertise in 
the area of transport proteins, and the recruitment of a channel person with patch 
clamp and perhaps channel cloning abilities would allow focused research on 
transmembrane communication in a much broader sense and in a manner that 
could greatly enhance investigations into motility and cell growth. Additionally, 
the recruitment of molecular biologists working on kinases and signalling cascades 
in both differentiated and proliferative smooth muscle cells would strengthen this 
focus group and assure interactions with the muscle and cell growth groups. 

In the area of cell growth, the recruitment of a cell-cycle person or a growth factor 
person could greatly increase relevance of ongoing research into DNA and RNA 
replication mechanisms and would enhance the possible collaborative interactions 
of the muscle and cell communication groups. 

A. New Faculty Recruitment 

In the current era of financial crisis in biomedical research, fewer and fewer young 
graduates are entering basic research. This has created an intense competition 
among academic institutions for the best and brightest scientific graduates. At the 
same time, given the current shortage of federal funds for support of scientific 
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research, it is exceedingly difficult for the new scientist to become established as a 
recognized expert in a field of investigation and thus successfully compete for 
federal funds. Only the best of the young scientists do succeed and, on average, three 
to five years appears to be required for the new individual to become entirely self 
supporting. For this reason, the most competitive research centers are now offering 
five year packages of guaranteed support during the recruitment process. BBRI 
currently has the financial means to offer support for only two to three years, thus 
decreasing our competitiveness in recruiting new faculty and also, in some 
instances, forcing us to terminate promising young individuals before we have the 
opportunity to see any return on our initial investment. Supplementation of 
current resources by the creation of named Young Scientist Awards would greatly 
increase our chances of recruiting and retaining top investigators. 

Estimated costs for recruiting two new Principal Investigators each year are- Pi's 
salary $60K x 2 = $120K; Tech $25K x 2 = $50K; Salaries = $170K; x2.6 indirects and 
fringes = $442K; Start-up = $40K; Supplies $10K x 2 = 20K; Relocation and 
remodeling = $30K. Total: $532K. Current estimates indicate that we should recruit 
two scientists per year in order to optimize grant income and maintain the vitality 
of the scientific programs. 

B. Bridge Support 

An equally urgent need is bridge funding of established investigators to cover the 
inevitable intervals when federal funding is delayed. A general goal will be to 
decrease the excessive dependence on NIH and similar sources for funding. 
Although federal funds will undoubtedly remain the main, support for basic 
research, efforts should be made to create a "mixed portfolio" including industrial 
contracts, pharmaceutical and clinical collaborations, foundation support, and 
endowed, named Senior Scientist Awards. The interest on BBRI's endowment 
should be a major source for bridge funding, hence the importance of maintaining 
and increasing the current principal. Current experience indicates that providing 
bridge support for investigators averages $225,000 annually. 

We currently have the resources to provide support equal to the Principal 
Investigator's salary for one year. This policy inevitably results in loss of valuable 
intellectual capital. The long range goal is to develop resources to provide up to two 
years of support for the Principal Investigator and one member of the research team. 

C. Fringe Funding 

Currently, most of a Principal Investigator's time is focused on acquiring and 
maintaining NIH support. It is generally acknowledged that the NIH will only 
support ideas that are clearly documented to be entirely "feasible" by the 
presentation of considerable "preliminary data" and demonstrating that pilot 
studies have already been successfully performed. Truly novel and creative ideas 
cannot be supported by this mechanism and as a result the true potential of the 
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"intellectual capital" of the Institute is not being tapped. Hence there is a need for a 
funding mechanism to support ideas on the "fringe" of established concepts and 
pilot studies that will provide preliminary data that will eventually lead to NIH 
support. No funds are budgeted in this five-year period for this program, but 
fundraising efforts by the Development team could be focused on creating such a 
program. 

D. Unreimbursed Indirect Costs 

There are a number of agencies that provide grant funding that does not include 
indirect costs or, in other words, grants that do not reimburse the Institute for the 
cost of the entire project. Many of these grants, however, are highly prestigious and 
it is greatly to BBRI's advantage to have our faculty receive such awards. It is 
necessary, therefore, for BBRI to anticipate allocating funds to cover the 
unreimbursed indirect costs associated with these research projects. This currently 
involves the use of about $150,000 of Institute funds annually for sharing 
incompletely reimbursed indirect costs. 

E. Scientific Support Initiative 

It is also imperative that BBRI initiate an outreach program to attract the necessary 
support resources for BBRI's scientists, e.g. students from local colleges and 
universities; post doctoral fellows; M.D.s in specialty training programs; visiting 
scientists; etc. BBRI offers a unique and ideal environment in which these talented 
young people can begin to explore or continue to build a career in basic research and 
our scientists will benefit from the additional research support as much as these 
individuals will benefit from the experience and the expertise at BBRI. It is equally 
important, however, that this initiative be implemented and maintained with 
minimal cost to the Institute. 



II. Capital Equipment 

A. Structural Biology Facility (attached) 

B. Protein Expression Facility 

Certain molecular biology techniques have now been sufficiently established to 
have become routine. In order to promote efficient utilization of BBRI resources 
and to capitalize on the collaborative nature of the Institute, efforts will be made to 
prevent the duplication of facilities that can be centalized and shared. 

There is an immediate need for expression of proteins in essentially all BBRI 
laboratories. Rather than have each investigator independently devote personnel 
and time to a routine procedure, the Institute will set up a shared Protein Expression 
Facility. A Core Leader-a Principal Investigator- will contribute 10% of his/her 
time to supervise the facility. A full-time research technician will be responsible for 
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day-to-day operations. Two-four large capacity incubaters/shakers and two laminar 
flow hoods will be located in a small, self-contained laboratory. The core will be 
responsible for producing proteins primarily by using the baculovirus expression 
system, including keeping the virus stock, making the constructs, maintaining 
insect cell cultures, performing co-transfectionand scaled-up production of proteins. 

Funding for the core facility will be sought as part of the Smooth Muscle Program 
Project Grant (PPG), a competitive renewal grant to the NTH, and therefore will 
require minimal institutional funds. 

m. Space 

The current space available at BBRI allows the recruitment of only two additional 
investigators with rather modest space needs. Improving the air circulation and 
lighting in the basement and rearranging the existing space can optimize its use but, 
if the Institute is truly to be able to grow in the next millennium, some plan of 
action will have to be created for additional space. 

BBRI still benefits from the lease negotiated with Schepens 25 years ago. In effect, 
BBRI does not pay for floor space itself but shares in the operating costs as outlined 
above. Operating costs are higher than those in a modern facility due to the 
inefficiencies inherent in an older facility. However, our per square foot cost of 
occupancy is considerably lower than at alternate sights. 

The Institute has considered purchasing or leasing a different site for the facility. 
The lease does not allow BBRI to sublet space at Stamford Street, effectively limiting 
our sales market to Schepens Eye Research Institute. Although we know Schepens 
is seeking additional space, we feel it is unlikely that they will be prepared to offer us 
enough incentive to vacate. Economically, we can continue to enjoy the facility 
"rent free" for the next 25 years. It may be possible to renew the current lease but 
whether this would be a feasible, or desirable, option depends on the plans of the 
SERI, the condition of the building and the details of the new lease. Current strategic 
plans of the SERI appear to preclude extending the existing lease. It is to be 
recognized, however, that any plans to build onto the current building must be 
contingent on the eventual extension of the current lease. 

Within the five-year Strategic Plan, we have factored in the following plans for the 
provision of adequate space. 

Rental: Additional space could be rented in neighboring buildings. This could be 
done at a cost of $25/sq. ft. in the Charles River Plaza or the building at 50 Staniford 
Street. For fiscal year 1997, we are considering renting 1,000 square feet and 
relocating the Accounting and Development offices to this space. The current 
Accounting Office area would then be renovated to accomodate the X-ray 
crytallography equipment and program staff. 
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For fiscal year 1998, two plans have been developed. The first would be in 
anticipation of the natural attrition in any organization and would focus on 
recruiting new faculty to use the space that would be vacated in the process of 
attrition. The second plan would be to rent additional space in the Charles River 
Plaza. Again, rental of this space would be $25/square foot and it is likely we would 
be required to rent a minimum of 2,000 square feet initially, for a total of $50,000 
annually. Renovation of that space would require roughly $120/sq. ft. If we assume 
a new investigator requires approximately 400 square feet, the initial construction 
cost for a laboratory would be $50,000. The close proximity would allow for use of 
shared equipment and interaction with 6ther faculty. 

Looking ahead, beyond the five-year Strategic Plan, the decision remains to be made 
regarding relocation of the entire Institute. 

Relocation: The entire Institute could relocate. This would be by far the most costly 
and time consuming option but should be considered an 'option for long term 
planning. Alternative laboratory space is available in other areas of the city. For 
example, laboratory space in the Longwood Medical Area rents for about $55 per 
square foot ($22,000 annually for a 400 square foot lab), with the advantage of 
proximity to Harvard University personnel and affiliates. 

One specific concern is the fact that although the Institute has the academic 
prominence to host major international conferences, there is currently no on-site 
auditorium of the necessary size for such a venture. If funds could be obtained, a 
named conference center would significantly enhance the mission of the Institute to 
discover and disseminate new biological knowledge. 



BUSINESS PROGRAM 




The remarkable track record of success of the faculty in bringing in 90% of expenses 
from grants is a credit to their level of scientific excellence. At the present time, the 
Institute receives roughly 90% of its operating budget from these grants, the 
majority of which come from the NIH. Given the current shortage of funds at the 
NIH, allowing only 9-15% of meritorious grants to be funded, a major goal over the 
next decade will be to create a more "mixed" portfolio, which will reduce the 
Institute's dependence on faculty-initiated grants from the NIH and similar agencies 
and increase the supporting income from long and short term industrial contracts, 
foundation support, private donations, and return on BBRI investments to 
approximately 40% of the budget. 



I. Revenues 



A. Grants (Faculty-Initiated) 
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1. Federal 

The U.S. government is the single largest supporter of biomedical research in the 
world; in 1994, the U.S. spent about $33 billion for biomedical and related health 
research and development. The federal government provides approximately 80% of 
the monies spent each year for biomedical research at universities, medical schools, 
and not-for-profit research institutes. 87% of all federal support for biomedical 
research comes from funds allocated by Congress to the National Institutes of Health 
(NIH); the 1995 NIH budget was $11.3 billion. 

The NTH continues to be BBRI's major source of grant funding. Occasionally, the 
Insirutute also obtains funding from the National Science Foundation (NSF)'. The 
typical Individual Investigator Initiated Research Project Grant, termed ROl, 
provides BBRI with direct research costs (salaries, research supplies, etc.) and 
indirect costs (i.e. those costs incurred by BBRI such as light, heat, administrative 
services, etc.). 

The grant process at NIH is a long, stressful process for the scientist who has 
submitted a grant. The NIH receives grant applications 3 times a year. The 
applications are generally 30-50 page documents and require that all proposed 
experiments be accompanied by preliminary experiments to certify feasibility. 
Approximately 3-4 months after receipt, the grants are subjected to "peer review" by 
one of several "Study Sections", i.e. a committee of scientists from across the 
country that meets in Bethesda, MD. for 2-3 days to construct a relative ranking of 
the grants by merit. Currently, 4 of our faculty members serve on NIH Study 
Sections as nationally recognized experts in their fields. 

The study section assigns a "priority score" from 1.00 to 5.00 to each grant-with 1.00 
being most meritorious and 5.00 being least meritorious. Recently, in an effort to 
decrease administrative cost and time, a "triage" process has been implemented and 
grants that are evaluated to be in the worse half (generally scores of 2.5 and larger) 
do not receive full review by the committee or a score. 

When the study section completes its evaluations, the scores are "percentiled" 
against past scores recommended by that individual study section. Only percentiles 
are compared between study sections, in order to normalize for differences in the 
generosity or toughness of scientists on the individual study sections. 

Three to four months after the study sections complete their work, the grants 
receive a second level of review by the Councils of the NIH. Each Council will set a 
"payline". Current paylines are ranging from 9-15%. Often a grant is borderline and, 
also because of political uncertainties, the Principal Investigator may not know for 
sure whether he or she is funded until shortly before the start date of the grant, 3-4 
months after Council meets. Thus there is significant lag (generally 9 months)' 
between submission and funding of successful grants. 
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Because of the shortage of funding for excellent grants, most investigators expect to 
need to revise their applications at least once, adding another 9 months to the delay 
in funding. Current efforts are being made to try to submit renewal applications for 
funding one year early in an effort to keep programs (and personnel) continuous. 

2. Other Agencies (Non-Federal) 

There are several private national foundations to which investigators can apply for 
support. However, these sources require that the research be disease-oriented. Also, 
these grants are relatively small in dollar amount, and they do not provide 
continuous support of ongoing investigations.: These smaller grants can be very 
useful, however, in adding needed personnel to a project or in providing support of 
an ongoing project while waiting for NEH funding to be awarded. 

The Institute has received, and continues to receive, generous support from the 
Muscular Dystrophy Association for its work on muscle disease, from the American 
Heart Association for its work on stroke, heart failure and hypertension, and from 
the American Cancer Association for its work on mechanisms of cell growth. 

3. Pharmaceutical/Industrial Collaborations 

Increasing the revenue from industrial collaborations is a longterm goal; therefore, 
revenues from this initiative are not included in the five-year Strategic Plan. A task 
force should be established to acquire information on companies that may have 
long range goals or specific ongoing programs that mesh well with the goals and 
expertise of the Institute. This group should plan the initiation of contacts with the 
appropriate companies. The goals will be: (1) to initiate an "intimate relationship" 
with 1 or 2 major pharmaceutical firms, allowing them to have a "window" on 
evolving, state of the art, basic science in return for liscensing rights; (2) to initiate 
individual scientific collaboration between Industry and the Institute that may 
result in sponsored research; (3) to obtain named sponsorship for seminar programs; 
(4) to establish Sabbatical /Internship Programs that will allow industrial scientists 
and Institute scientists to learn specialized technologies and perform collaborative 
studies. 

A joint venture with the Beth Israel Hospital has led to the establishment of the 
Boston Collaborative Heart Failure Center, encompassing a number of specific 
collaborative "discovery" research projects aimed at the cure of heart failure, 
through patient testing and multi-center clinical trial coordination of new potential 
therapies and diagnostic tools. Significant corporate support for the Center is being 
actively recruited. 

Long term contracts with pharmaceutical companies may be of considerable benefit 
in providing financial stability, intellectual input, and access to new experimental 
tools. However, because of concerns regarding academic freedom, co-existing NIH 
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regulations, and legal complications, considerable caution should be applied before 
entering into such ventures. 

B. Development/Public Relations 

There are basically 3 sources of revenue for charitable contributions to BBRI: 
IKbvhnue Sources " ~~ " 



Individuals 

Foundations 

Corporations 

Programs need to be strengthened in individual and foundation giving, and the 
need to develop and implement a strategy of fundraising from corporations should 
be evaluated and moved forward. It is of critical importance that the fundraising 
programs related to these revenue sources be built up and strengthened so as to 
provide BBRI with a solid and consistent Annual Fund program. 

pie revenue goals, however, should also be placed within the reality of the 
"marketplace", i.e. should be comparable to those of other basic research 
organizations somewhat similar to BBRI, e.g. Worcester Foundation or Jackson 
Labs. The fundraising revenue goals for BBRI should be realistic and therefore 
achievable, so as to create a sense of accomplishment and confidence among the 
solicitors and donors. One way of reaching this objective is to focus the Annual 
Fund on projects or programs, with clearly defined goals in each area. Following are 
suggestions for giving programs. 



GnviNG Programs 



Individuals 

Board 
Direct Mail 
Special Events 
Planned Giving 
Major Gifts 

The most significant addition to the current individual giving program is the 
development and implementation of a major gifts or special gifts program. Initially 
we will identify 5-10 major gift prospects and, with the assistance of volunteers, 
begin cultivating them for a major gift to BBRI. As we now have the Peabody 
Challenge in place, the major giving program will be focused on raising the $300,000 
needed to meet the challenge and purchase the X-ray crystallography equipment. 
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Corporate 

We are beginning to move forward with two facets of a corporate giving program: 
soliciting new corporate donors for BBRI through proposals (Boehringer 
Mannheim; Boston Scientific), and assessing the need for and development of a 
volunteer Corporate Committee. 

Foundations 

We have, in the past, benefited from the generous support of local foundations. We 
should strive to maintain this support, while' broadening our contacts to national 
foundations. The possibility of programmatic or individual support from national 
foundations such as the Howard Hughes Medical Institute, Kresge Foundation, Keck 
Foundation, etc., is underway and it is anticipated that several proposals will go to 
national foundations in the second half of the year. These foundations may be 
appropriate sources for major items of capital equipment to complement new 
programs or recruitments. 

Looking forward to the long term Development focus, two needs of the Institute 
emerge that will require vigorous fundraising activity: increasing BBRI's 
endowment, and building new space for the Institute. As these cannot happen 
concurrently, strategic decisions need to be made as to the priority for future 
campaigns; however, it is essential that both are undertaken at some time in the 
future. 

IPUILEC EELATHONS • =' I 



Lack of communication with the general public appears to be a major impediment 
to soliciting charitable contributions to BBRI, and effort should be invested in 
improving the visibility of the work done at the Institute while making the 
importance of this work more understandable. Recognition of the longterm 
importance and value of investment in basic science requires considerable vision 
and sophistication on the part of BBRI supporters, and this challenge needs to be 
considered as the public relations activity moves forward. The focus of the Institute 
has been sharpened and the mission clarified without sacrificing the fundamental 
commitment to basic research; these objectives must be continued and 
strengthened. With the assistance of a public relations consultant, a solid, 
comprehensive foundation for increasing and improving BBRI's public relations 
efforts will be built and implemented. The three areas that the public relations 
activity will focus on strengthening and expanding are: 1: media relations; 2) 
communications/publications; and 3) government (federal, state, and local) liaison 
development. 

Additionally, the visibility of the Institute can be raised by building bridges with the 
Harvard teaching hospitals and other area institutions, and by sponsoring high 
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quality symposia. With respect to clinical interactions , a work group is needed to 
outline the possibilities for interaction with clinical departments at Harvard 
hospitals. The combined expertise and interests could form the basis for a number 
of individual high visibility collaborations as well as potential SCOR and Center 
grant applications. At the present time, opportunities appear to be greatest with 
regard to interactions with the Department of Medicine at the Beth Israel Hospital in 
Boston, where the new Director of the BBRI will continue to hold a Faculty position; 
however, possible collaborations with all Boston hospitals will be explored and 
considered. 

Three specific initiatives will be considered: (1) An application for an NIH-funded 
training program to allow research-oriented clinical trainees at Boston-area 
hospitals to pursue 2-3 years of basic research training at the Institute. The cross- 
fertilization of expertise should be of interest to all parties involved; (2) the creation 
of a foundation (similar to Whitaker) to fund interactive projects between Boston- 
area hospitals and BBRI; members of both institution's governing boards will be 
invited to contribute, and peer review of grant applications will be performed by 
four individuals from the two institutions; (3) the Boston Collaborative Heart 
Failure Center. 

In regards to symposia, an international symposium honoring the career of John 
Gergely will be held on July 27-29, 1996, and a second "Seidel Symposium" in the 
spring of 1997, continuing with a focus in the area of Muscle will be organized 
within the next two years and should become a regular event. Consideration should 
be given as to whether the focus should continue to be smooth muscle. 
Additionally, the idea of an event possibly co-sponsored by another research 
institute and the BBRI, possibly funded by a private foundation or covered by public 
broadcasting to investigate the future of basic biomedical research should be 
developed and, at the appropriate time, a work group should be formed to 
implement the project. 

The BBRI public relations plan is composed of several strategies, each aimed at a 
very specific objective for the coming year. The foundation that should result from 
the development and implementation of these concurrent pieces will, hopefully, 
provide the base on which to continue to build in the future. 

C. Investments 

BBRI, through the collective efforts of its faculty and Development Office, has built 
up an investment portfolio of over $7,000,000. The portfolio is managed by the 
Investment Committee, comprised of Trustees and senior management staff of the 
Institute. 

The Investment Committee has established a set of investment goals within defined 
parameters. Currently, the portfolio consists of mutual funds ranging from money 
market to aggressive growth funds. Historically, 5% of the average portfolio balance 
for the prior three years is available for annual operations. In addition, it is 
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anticipated that, over the long run, investment income will be sufficient to pace the 
principal growth with inflation. 

D. Technology Transfer 

Since 1982, BBRI scientists initiated a number of projects that were funded by 
corporate research contracts, with the three major contracts bringing $1.6 million in 
research funds to BBRI in the period 1982-1994. In addition, through the auspices of 
BBC, a solely-owned for-profit subsidiary of BBRI, Institute scientists have been 
awarded five phase I grants through NIH's Small Business Innovative Research 
(SBIR) program. Eight patents have been issued to BBRI, and one of these is just 
about to produce an income for BBRI from a licensing agreement. 

No matter how impressive this record may be for an institute as small as BBRI, it 
was the result of sporadic initiatives by individual scientists and not the result of 
long-term planning. There is no question that a systematic technology transfer 
effort could have opened additional opportunities for corporate research and 
licensing agreements. In recognition of this important potential source of research 
funding and revenue, BBRI has recently become a member of the United Office of 
Technology Transfer of MBRI (Massachusetts Biotechnology Research Institute), 
which provides effective technology transfer services to a number of Boston area 
academic institutions. 

In the past year, MBRI has conducted a detailed technology assessment of BBRI and 
has played an important educational role by increasing the awareness of BBRI 
scientists of technology transfer opportunities. This has set the stage for a systematic 
technology transfer effort, whose core will be the marketing of BBRI intellectual 
property to biotechnology companies, major pharmaceutical companies, and 
venture capital. An important component of this initiative will be to identify 
technology areas in which BBRI has particular strengths and market those as a 
package so as to enhance their impact and visibility. Another opportunity is offered 
by the SBIR funding mechanism, especially through the large phase II grants, which 
would require a reexamination of the role of BBC, including the possibility of joint 
ventures between BBC and established biotechnology companies. It is hoped that 
through aggressive efforts along these lines, research funding and licensing income 
from corporate sources will expand significantly above the current $100,000 annual 
average. 

m. Expenses 

A. Directs 

The responsibility of budgeting for and monitoring the expenditure of direct costs 
associated with a specific grant has traditionally been held by the Principal 
Investigator who submitted the grant. Such costs include salaries and fringe benefits, 
supplies, publication and travel related to a grant. BBRI has always maintained a 
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policy of conserving research funds and has been very successful, thanks to the 
efforts of the faculty, in limiting unnecessary spending of grant-related revenue. 

This system of allocating and monitoring grant-related revenue is in keeping with 
BBRI's overall philosophy of encouraging independence and creativity among the 
faculty, and we feel strongly that this policy is a valuable incentive in the recruiting 
process. 

B. Indirects 

The Institute has been, and continues to be committed to keeping its administrative 
staffing levels lean and multi-functioning. In many cases this means foregoing 
individuals hired specifically to perform functions such as purchasing, research 
administration and equipment maintenance and scheduling. Instead, systems are 
designed in such a manner to provide these functions with existing personnel, e.g. 
the Director acts as both Chief Executive Officer while managing a full time 
laboratory; the Assistant Director is responsible for all physical plant management as 
well as financial matters; Principal Investigators assume the purchasing role as well 
as pursuing and expanding their research projects. 

The indirect cost rate will be negotiated in early 1997 and will take effect September 
1, 1997. This is an area of critical concern to the Institute. There is a clear 
justification for an increase of the indirect cost rate. However, the Department of 
Health and Human Services is under pressure to lower indirect cost rates. We have 
made an assumption, in the budget that our indirect cost rate will be increase by 10% 
of its current rate (to approximately 96% of personnel costs). 

Although we have hit a particularly trying time for annual funding, we have a solid 
financial base, are debt-free, and have a commitment of financial and managerial 
support from the Board of Trustees. We believe the influx of new talent, combined 
with the scientific goals established in this plan, will be the foundation for our 
continued success. 
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FACULTY REAPPOINTMENT 



Any Scientist, Principal Scientist, or Senior Scientist shall be notified one 
year before the term of his/her appointment expires whether the appointment 
will be recommended for renewal by the Committee on Research. Scientists 
who have received formal warnings that they may not be reappointed may 
be granted one-year extensions. The decision whether to give an extension 
will be made in a timely manner. If no formal warning is given, scientists 
are eligible for full term reappointments. 

Amongst the criteria for considering reappointments are: 

• Continued scientific productivity as evidenced by publications and 
grants. 

• Service to the Institute. 

• Scientific reputation. 

Any Scientist, Principal Scientist, or Senior Scientist appointment not 
recommended for renewal shall be extended so as to provide one-half, one, 
or two years respectively, between the action and the expiration of the 
current appointment. 
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SCIENTIST 

Scientists are appointed for three-year terms, Principal Scientists for four-year 
terms and Senior Scientists for five-year terms. These ranks correspond to the 
positions of Assistant Professor, Associate Professor, and Full Professor, 
respectively. Persons appointed to this category are classified as regular 
employees and may be on a full-time or part-time basis. 

Qualifications: 

The qualifications for an appointment are as follows: 

Senior Scientist: established scientists of high standing internationally in their 
field as evidenced by at least two letters of recommendation by renowned 
colleagues. 

Principal Scientist: should have repeatedly demonstrated the ability to compete 
successfully as a Principal Investigator for a research grant or equivalent 
productivity at the national level. 

Scientist: usually has had at least three years of post-doctoral or equivalent 
experience prior to the appointment and is usually the Principal Investigator of a 
research project. 
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GRANTS 
BRIDGE SUPPORT FOR FACULTY 

FIRST YEAR 

■ A first year of bridge support in an amount equal to the PFs salary is given 
to productive members of the faculty contingent upon timely submission of 
competitive grant applications. 

■ The amount of bridge support is proportional to the percentage of the PFs 
time allocated to the specific grant whose funding is delayed. 

■ If funding is received before bridge support runs out, unused moneys will be 
returned to the Institute. 

■ Application does not require submission of pink sheets and scores but does 
require a financial statement. 

■ For faculty members who have previously received bridge support, a new 
round of bridge support can only be obtained after successfully obtaining a full 
ROl-type grant (e.g. NIH, NSF, SBIR) of three years or longer, or 
comparable supports. v 

SECOND YEAR 

■ Only available in exceptional circumstances, provided the Board of 
Trustees approves the request. 

■ PI must submit to the COR with the application for a second year of 
support: 

■ Scores and pink sheets from most recent NIH review 

■ CV 

■ Letter outlining the PFs plan for successfully building his/her program 
and obtaining funding 

■ Criteria to be used in making decision of whether to recommend second 
year of bridge support: 

■ Probability of funding 

■ Excellence of science 

■ Contributions to Institute 

■ Programmatic fit 
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BOSTON BIOMEDICAL RESEARCH INSTITUTE 

BY-LAWS 

[as amended through November 15, 2001] 



separate affirmative vote of the Trustees and Faculty, taken one year prior to the 
expiration of the Director's term. 

The Deputy Director shall be appointed annually by and from the Faculty for a one-year 
term, upon recommendation of the Director. 

Section 3. Assistant Officers . The Board of Trustees may appoint an Assistant 
Treasurer, an Assistant Secretary-Clerk and such administrative officers as it may from 
time to time believe necessary. Such additional officers need not be members of the 
Corporation. They shall serve from the time of their appointment until the first meeting 
of the Board following the next succeeding Annual Meeting. 

Section 4. Vacancies . Any vacancy occurring in the office of any of the officers of the 
Corporation, except that of the Director and the Deputy Director, may be filled at any 
time by the Board of Trustees, and any person elected to fill such a vacancy shall hold 
office for the remainder of the term of the Officer whose place he/she takes. In the 
event of a vacancy in the office of Director, the Deputy Director shall assume the office 
until such time as the Trustees appoint an acting Director. If the Deputy Director shall 
resign or be or become unable to serve for the remainder of the term, the Director, after 
consultation with the Committee on Research, may appoint an interim Deputy Director 
who shall assume the office for the remainder of the term. 

Section 5. Number of Offices Held . Except as otherwise specifically required by law 
or as otherwise specifically provided by these By-laws any person may hold two or more 
offices in the Corporation at the same time. 

ARTICLE V 
FACULTY 

Section 1. Faculty . All Staff Scientists holding appointments for terms of not less 
than three (3) years shall constitute the Faculty. It shall from time to time advise the 
Committee on Research on matters relating to the scientific and educational activities of 
the Corporation, except as otherwise provided in these By-laws. 

Section 2. Tenure . 

A. The Board of Trustees may from time to time grant an appointment with 
tenure to a staff scientist at the Institute. Such appointments shall be made only 
on the recommendation of an ad hoc tenure committee to be appointed by the 
Board of Trustees, and with the approval of two-thirds of the members of the 
Committee on Research. 

B. Tenure, as such term is used in the By-laws, shall mean a permanent 
appointment to the staff of the Institute and a guarantee of the reasonable 
use of the research laboratories or other facilities of the Institute consistent 
with the research funding available to the staff member subject to the 
following conditions: 
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1 . Tenure shall terminate on retirement or upon resignation of the staff 
scientist or pursuant to revocation for grave misconduct or neglect 
of duty by a vote of two-thirds of the members of the Board of 
Trustees, upon the recommendation of the Committee on 
Research. 

2. Tenure may be withdrawn by the Board of Trustees upon 
recommendation of two-thirds of the members of the Committee on 
Research if the research being conducted by that individual 
becomes inconsistent with the research program of the Institute. 

3. Such further conditions as may be imposed by the Committee on 
Research in individual cases. 

4. All determinations by the Board of Trustees hereunder shall be final 
and binding on all persons. 

ARTICLE VI 

DUTIES OF OFFICERS 

Section 1. Chairman . The Chairman shall be the senior officer of the Corporation. 
He/she shall cause to be prepared the agenda of the Annual Meeting and of all special 
meetings of the Corporation in cooperation with the Director, and he/she shall preside at 
all meetings of the Corporation. In addition, he/she shall perform such other special 
duties as from time to time may be determined by the members of the Corporation. 

Section 2. President . The President shall preside at the meetings of the Board of 
Trustees, and he/she shall cause to be prepared the agenda of the meetings of said 
Board in cooperation with the Director. 

Section 3. Vice Presidents . The Vice Presidents shall assist the President in the 
performance of his/her duties and shall act for the President in the latter's absence. 

Section 4. Director . The Director shall be the chief executive officer of the 
Corporation. He/she shall report to and carry out the general policies established by the 
Board of Trustees, which shall regularly review the performance of the Director. As 
chief executive officer he/she shall be responsible for the direction, management and 
implementation of the scientific and educational activities and policies of the Corporation 
consonant with the determinations of the Committee on Research with respect to all 
matters related to such activities. In addition, he/she shall perform such other duties 
and have such other powers as the Board of Trustees may from time to time determine. 
The Director shall preside at the meetings of the Committee on Research. 

Section 5. Deputy Director . The Deputy Director shall assist the Director in the 
performance of his/her duties and in his/her absence shall act for the Director. 
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Rating: Moody's: "Baa3" 
Standard & Poor's: "BBB-" 
(See "Ratings" herein) 

NEW ISSUE 

In the opinion of Ropes & Gray, Bond Counsel to the Institution, under existing law, interest on the Series 1999 Bonds is excluded from the gross income of the own- 
ers of the Series 1999 Bonds for federal income tax purposes, assuming continued compliance by the Issuer and the Institution with the Internal Revenue Code of 1986, 
as amended. Interest- on the Series 1999 Bonds is not an item of tax preference for purposes of the federal alternative minimum tax imposed on individuals and corpora- 
• Hons. However, interest on the Series 1999 Bonds will be taken into account in determining adjusted current earnings for the purpose of computing the alternative mini- 
mum tax imposed on certain corporations (as defined for federal tax purposes). In the opinion of Bond Counsel to the Institution, under existing law, the Series 1999 Bonds 
and any income derived therefrom, including any income from any sale, exchange or transfer of the Series 1999 Bonds, shall at all times be free from Massachusetts tax- 
ation, although the Series 1999 Bonds and the interest thereon are included in the measure of Massachusetts estate and inheritance taxes and of applicable Massachusetts 
corporation excise and franchise taxes. For federal and Massachusetts tax purposes, interest includes original issue discount. See "TAX EXEMPTION" herein. 

$17,000,000 

MASSACHUSETTS DEVELOPMENT FINANCE AGENCY 

Revenue Bonds 

(Boston Biomedical Research Institute, Inc. Issue - Series 1999) 

Dated: February 1, 1999 Due: February 1, as shown below 

The Massachusetts Development Finance Agency Revenue Bonds (Boston Biomedical Research Institute, Inc. Issue - Series 1999) (the "Series 1999 Bonds") are 
issuable only as fully registered bonds without coupons and, when issued, will be registered in the name of Cede & Co., as Bondowner and nominee for The Depository 
Trust Company ("DTC"), New York, New York. DTC or its custodial agent will act as securities depository for the Series 1999 Bonds. Purchases of the Series 1999 Bonds 
will be made in book-entry form, in the denomination of $5,000 each or any integral multiple thereof. Purchasers will not receive certificates representing their interest 
in Series 1999 Bonds purchased. So long as Cede & Co. is the Bondowner, as nominee of DTC, references herein to the Bondowners or registered owners shall mean 
Cede & Co., and shall not mean the Beneficial Owners (as hereinafter defined) of the Series 1999 Bonds. 

Principal and semiannual interest on the Series 1999 Bonds will be paid by State Street Bank and Trust Company, as trustee (the "Trustee") and paying agent. So 
long as DTC or its nominee, Cede & Co., is the Bondowner, such payment will be made directly to DTC. Disbursement of such payments to the DTC Participants is the 
responsibility of DTC and disbursements of such payments to the Beneficial Owners is the responsibility of the DTC Participants, all as more fully described herein. 
Interest will be payable on August 1, 1999 and semiannually thereafter on February 1 and August 1 to the Bondowners of record as of the close of business on the fifteenth 
day of the month preceding such interest payment date. 

The Series 1999 Bonds shall be special obligations of the Massachusetts Development Finance Agency (the "Issuer") doing business as "Mass Development". 




MassDevelopment 



Hie Series 1999 Bonds will be issued pursuant to a Loan and Trust Agreement dated as of February 1, 1999 (the "Agreement") among the Issuer, Boston Biomedical 
Research Institute, Inc., (the "Institution") and the Trustee. The Issuer will loan the proceeds of the Series 1999 Bonds to the Institution. The Series 1999 Bonds are 
payable solely from and secured by payments to be made to the Trustee for the account of the Issuer by the Institution and from such other funds as may be available there- 
for under the Agreement. Reference is hereby made to this Official Statement for pertinent security provisions of the Series 1999 Bonds. 

THE SERIES 1999 BONDS DO NOT CONSTITUTE A GENERAL OBLIGATION OF THE ISSUER OR A DEBT OR PLEDGE OF THE FAITH AND CREDIT 
OF THE ISSUER OR A DEBT OR PLEDGE OF THE FAITH AND CREDIT OF THE COMMONWEALTH OF MASSACHUSETTS OR ANY POLITICAL SUBDI- 
VISION THEREOF; EXCEPT TO THE EXTENT PAID FROM BOND PROCEEDS, THE PRINCIPAL OF, PREMIUM, IF ANY, AND INTEREST ON THE SERIES 
1999 BONDS ARE PAYABLE SOLELY FROM THE REVENUES AND FUNDS PLEDGED FOR THEIR PAYMENT IN ACCORDANCE WITH THE AGREEMENT. 
THE ISSUER HAS NO TAXING POWER. 

MATURITIES, AMOUNTS, RATES, AND PRICES OR YIELDS 



Due 


Principal 


Interest 


Price 


Due 


Principal 


Interest 


Price 


February 1 


Amount 


Rate 


or Yield 


February 1 


Amount 


Rate 


or Yield 


2001 


$255,000 


5.00% 


4.25% 


2006 


$330,000 


5.00% 


4.85% 


2002 


270,000 


5.00 


4.45 


2007 


345,000 


5.00 


4.95 


2003 


285,000 


5.00 


4.60 


2008 


360,000 


5.00 


100 


2004 


295,000 


5.00 


4.70 


2009 


380,000 


5.10 


100 


2005 


310,000 


5.00 


4.75 











$5,170,000 5.65% Term Bonds Due February 1, 2019 to yield 5.68% 
$9,000,000 5.75% Term Bonds Due February 1, 2029 - Price 100% 
(Accrued interest to be added from February 1, 1999) 

THE SERIES 1999 BONDS ARE SUBJECT TO REDEMPTION PRIOR TO MATURITY AT VARIOUS PREMIUMS, OR AT PAR UNDER CERTAIN CIR- 
CUMSTANCES, AS MORE FULLY SET FORTH HEREIN. 

The Series 1999 Bonds will be offered, when, as and if issued and accepted by the Underwriter, subject to prior sale, to withdrawal or modification of the offer 
without notice, and opinions as to legality and certain other matters by Ropes & Gray, Boston, Massachusetts, Bond Counsel to the Institution. Certain legal matters will 
be passed upon for the Institution by its counsel, Ropes & Gray, Boston, Massachusetts. Certain legal matters will be passed upon for the Underwriter by its counsel, 
Edwards & Angell, LLP, Boston, Massachusetts. The Series 1999 Bonds are expected to be available for delivery to DTC in New York, New York, or its custodial agent, 
on or about February 19, 1999. 

State Street Bank and Trust Company 




February 11, 1999 



Appendix A 

The October 1995 revision to OMB Circular A-122 went into effect on September 29, 1995. This 
revision allows interest expense to be recoverable from federal sources. Before the passage of this 
revision, most research institutes leased facilities rather than financed the purchase of the facility with 
debt because only lease expenses were subject to indirect cost recovery. Due to the change in these 
interest recovery regulations, interest is now an allowable cost recovery item on capital expansion. 
Management has alerted the Department of Human and Health Services as to its plans to issue debt to 
fund the new laboratory facility and expects to pass on a significant portion of the new debt service when 
the Institute's new negotiated direct cost recovery rate goes into effect on July 1, 1999. 

Balance Sheet . Management has placed an ongoing emphasis on liquidity and cash flow. The following 
table depicts the Institute's unrestricted cash and investments, operating expenses (less depreciation and 
amortization), and days cash on hand for the last five fiscal years. Days cash on hand is calculated by 
multiplying the Institute's unrestricted cash and investments by 365 (days/year) and dividing the results 
by total operating expenses less depreciation and amortization expenses. 

Unrestricted Cash and Investments 

(Market Value) 

1994 1995 1996 

Unrestricted Cash and Investments $6,596,153 $7,503,434 $7,086,419 
Operating Expenses 

(less depreciation & amortization) $6,479,642 $6,545,906 $6,529,901 
Days Cash on Hand 371.6 418.4 396.1 

- * Ten months of operating expenses calculated from August SI to June 30 (303 days) 

The Institute's unrestricted cash and investments increased from $6,596,153 in 1994 to $8,376,795 in 
1998, an increase of 27%. In 1996, days cash on hand decreased from 418.4 to 396.1 due to a $780,000 
decrease in cash reserves. This is primarily due to the institute's recruiting strategy which required the 
Institute to support two new investigators until they received grant funding. As of June 30, 1998, less 
than $500,000 of the Institute's $8.8 million of investments are permanently restricted. 

Similarly, total net assets of the Institute has grown significantly, increasing from $8 million in 1994 to 
approximately $11 million as of June 30, 1998. Management attributes this growth to investment 
appreciation and a growing fiindraising program. 

Budget Procedures and Financial Controls 

The Chief Operating Financial Officer meets with the Institute's scientists to draft a budget proposal for 
the following fiscal year. The Budget and Finance Committee reviews the budget in detail before 
submitting it for approval by the full Board. The Board sets the directives for the budget. At the June 
Board meeting, the final proposal for the following year is submitted for Board approval. Management 
reviews budget and expenditures each month and reports any variance to the Budget and Finance 
Committee. 

Investments 

As of January 15, 1999 BBRI had total investments of $8,495,289, at market value, of which $7,696,666 
is unrestricted, $335,574 is temporarily restricted and the remainder is restricted. Currently, the 
investment portfolio is invested in mutual funds with an allocation of approximately 80% equities and 
20% fixed income. 



1997* 1998 

$7,701,747 $8,376,795 

$4,993,143 $6,608,281 

469.2 462.7 
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BOSTON BIOMEDICAL RESEARCH INSTITUTE 
COMMITTEE ON RESEARCH 
November 27, 1996 



A regular meeting of the Committee on Research was held on Wednesday, November jjs, 1996, 
at 10:00 am. Present at the meeting were Drs. Morgan, Grabarek, Paulus, Raso, and Wang. Others 
present were Mr. Thomas McQuaid, and Ms. Barbara Zillman, who recorded the proceedings. 

1. Dr. Morgan asked for approval of the minutes of October 29, 1996. Clarification was requested 
on three items. They were as follows: 

1) In item 5, concerning Dr. Volloch, the term "bridge support 11 is inaccurate and should be 
redefined as "R21 support." 2) Same sentence, the term "scientific misconduct" is inaccurate and should 
be restated as "alleged misconduct...." 3) In item 6, concerning potential BBRI floor space, the discussion 

is more accurately reflected with the following addition after the phrase " room itself belongs to BBRI.": 

"Dr. Grabarek asked if the room is available immediately and Mr. McQuaid replied that it is not." 

With these clarifications noted, it was 

VOTED: Unanimously, to approve the minutes of October 29, 1996. 

Following this vote, Dr. Morgan recapped for the record, because of subsequent events, the 
intent of the C.O.R., at its last meeting, to provide Dr. Volloch with temporary laboratory space following 
| his relocation from the second floor. Dr. Leavis had volunteered to clear one and one-half of his own 
" benches for use by Dr. Volloch, with the understanding that if Dr. Leavis was awarded his then-pending 
grant application, his space would be returned. Dr. Leavis has since learned that his grant application 
has been awarded and he will need to reclaim his lab for expansion of his program. The ESR room in the 
basement was made available, temporarily, to Dr. Volloch by Dr. Graceffa. Dr. Graceffa and Dr. Gergely 
are composing a letter to Dr. Volloch stating that he is to vacate the ESR room by a specified date and 
that while occupying it, there are not to be radioactives used in that room, and that the equipment must 
not be harmed. C.O.R. members agreed with the appropriateness of giving Dr. Volloch such a letter. 
The following issues were reiterated; the allocation of space in the basement to Dr. Volloch is temporary; 
the C.O.R. as a body, and each member individually, must work to see that Dr. Volloch submits a follow- 
up competitive renewal grant application to the NIH - the conditions of the R21 that Dr. Volloch received 
require this and assure expedited review if he submits his application on time; the C.O.R. must consider 
upon submission of that grant application, what to do next. The decision concerning his application 
should be known in July. If triaged, Dr. Volloch will be asked to leave the Institute but if funded, he may 
be allowed to stay. Funding must be from the NIH; an Alzheimer's grant would not be enough. If asked 
to leave, he is to be given advance notice (if outcome is in July, notification would be for relocation In 
September). In any case, he has been made no promise as to continued lab or office space beyond his 
current funding. If during his accelerated review, his score is in the top 30%, he will be allowed to 
resubmit his application for the summer deadline. 

2. The next item of discussion was setting a policy on misconduct proceedings. There was some 
discussion about this topic and it was agreed to continue without formal policy implementation. 

3. Proposals were discussed next. The first was that of Dr. Coleman, 

Dr. Coleman has made a request for his first year of bridge support (see attached). Using the 
|) current guidelines for granting requests for bridge support, Dr, Coleman was evaluated on several items 
and concerns were raised by C.O.R. members. Dr. Grabarek noted that Dr. Coleman has not been 
active in publishing since 1994. Dr. Paulus noted that Dr. Coleman had been appointed to a faculty 
position at the Institute with two active NIH grants, and never re-applied for the grants when 'hey 



expired. Further, he has made himself very part-time at the Institute. A formal vote by the C.O.R. in 
October, 1991 guaranteed him a salary for three years, contingent upon his funding,. Dr. Coleman now 
has no funding. C.O.R. members concluded that by current guidelines as well as the vote of the C.O.R. 
in October, 1991, Dr. Coleman does not qualify for full bridge support. Some further discussion took 
place and it was moved, and by a majority, 

VOTED: Because of questions of productivity and failure to renew grant applications in a timely 
fashion, but because of past contributions to the Institute, three months salary support will be awarded 
to Dr. Coleman, using his base salary of $70,000, This is consistent with the determination of the 
October 2, 1 991 meeting of the C.O.R. , , 



There were four aye votes and one nayvote. ^ ( * ^ 

The second proposal to be discussed was that of Dr. Raso. He left the room while discussions 
took place. 

Dr. Raso is requesting his second year of bridge support (see attached). His first year of 
support was awarded before the current criteria were established and his first year of support was very 
generous. The merits of Dr. Raso's proposal were deemed to be that he had brought in over a 
$1,000,000 in overhead to the Institute. Furthermore, Dr. Raso has viable patents and is very 
technology-oriented, a future direction the Institute will take,*' and a probable revenue stream. The 
negative aspects of the proposal were considered to be a lack of publications. The amount to be 
requested was further refined by again referring to current criteria Dr. Raso has already received an 
equivalent of 16 months of support, including supplies, in his first year of support. Therefore; a financial 
commitment of eight months will be made to him. It was, 

VOTED: Unanimously, to request a second year of bridge support for Dr. Raso from the Board 
in an amount equivalent to eight months of both salary and supplies (at $10,000 per year), and to allow 
that amount to be awarded effective immediately. This vote is subject to reversaHpy the Board at its 
next meeting in January, 1 997. Off® w/ 

4. There being no Other Business, the meeting was adjourned at 1 :35 p.m. 





Barbara Zillman 



December 9, 1996 



BOSTON BIOMEDICAL RESEARCH INSTITUTE 



Victor A Raso Ph D 20 S™ 1 * 0 * 0 STVEeT . BOSTON, MASSACHUSETTS 02114 

' ' Area code 617 • 742-2010 

Telefax 617 • S23-6649 



November 21, 1996 



To The Members of The Committee On Research: 

At the end of November funds will run out on a 6-month Small Business 
Innovation Research Grant "Catalytic Antibodies for the Treatment of AIDS " 

luL^ ae h\"' 9l K' i 8 ' 1 ! 4 ?™ 1 service fee > ha * been sustaining my 
laboratory following the finish of institutional support. Unfortunately it now 
appears that the re-submitted competing continuation of my NIH grant 
Targeting Toxins with Acid-Triggered Hybrid Antibodies" will not be funded 
this round. I am therefore writing to request institutional funds for second 
year support to temporarily operate the laboratory (one year salary plus 
supplies) while NTH and other funding is being sought 

The prospects for future support are as follows: 

1. Experiments are underway to obtain data for second phase funding of the 

»? C ^ A aW ^ d ^ d l- m0nth Sma11 Business Novation Research Grant 
Catalytic Antibodies for the Treatment of AIDS". 

beltoted^ 11 "S^L Antib0dieS DireCted Ag^tfflV" will also 

3 My NIH grant "Targeting Toxins with Acid-Triggered Hybrid Antibodies" will 
either be re-submitted for competing renewal or more-likely wiU be revised las 
dir n e e ctio g n ant Targ6ting **** Toxi * s " to better its renovated Stile 

4. A new NIH grant "Amyloid S-Peptide Equilibria in Alzheimer's Mice" is 
currendy being written. " * 

5. A related grant, "Catalytic Antibodies for the Treatment of Alzheimer's / 
SsSor! 6 SUbmi " ed 35 an SBIR grant 3nd aIs0 t0 the aSJS * 

loocr GlV % n J he SCOpe and . re]eva nce of the topics addressed, I believe that at 
least one of these grants will be funded. oeueve mac at 



To help strengthen the competing renewal grant application, I have 
submitted two manuscripts that are currently being reviewed by the Journal 
of Biological Chemistry. 

I believe that I have made a positive contribution to the BBRI over the 
years and with eventual funding hope to do so in the future. While the "fit" of 
my research may not be ideal in the current scheme of things, it has always 
been on the cutting edge of biomedical research and has excited interest 
among our non-scientist supporters. 

With regard to personnel, Christine Kearney is currently providing 
essential technical assistance on the AIDS, cancer therapy and Alzheimer's 
disease projects in addition to maintaining the smooth operation of all 
laboratory support functions. I will utilize my salary to keep Christine 
working at the BBRI. 




Vic Raso, Ph.D. 



November 21, 1996 



BRIDGE SUPPORT 

FIRST YEAR 

• A first year of bridge support in an amount equal to the Pi's salary is given to 
productive members of the faculty contingent upon timely submission of 
competitive grant applications. 

• The amount of bridge support is proportional to the percentage of the Pi's 
time allocated to the specific grant whose funding is delayed.. 

• If funding is received before bridge support runs out, unused moneys will be 
returned to the Institute. 

• New faculty are required to have used all of their seed money before being 
eligible to request bridge funding and to have successfully brought in a grant 
submitted from the BBRI in order to be eligible. 

■ Application does not require submission of pink sheets and scores but does 
require a financial statement. 

• For faculty members who have previously received bridge support, a new . 
round of bridge support can only be obtained after successfully obtaining a 
full R01 -type grant (e.g. NIH, NSF, SBIR) of three years or longer, or 
comparable support. 



SECOND YEAR 

• Only available in exceptional circumstances until additional sources of 
revenue are available to the Institute. 

• PI must submit to the COR with the application for a second year of support: 

• Scores and pink sheets from most recent NIH review 
•. CY 

• Letter outlining the Pi's plan for successfully building his/her program 
and obtaining funding 

• Criteria to be used in making decision of whether to recommend second 
year of bridge support: 

• Probability of funding 

• Excellence of science 

• Contributions to Institute 

• Programmatic fit , v c>r 



Begin to write your grant proposal EARLY. 

The 10/88 revision of the PHS-398 Instructions states, "PHS estimates that it will 
take from 10 to 15 .hours to complete this application. This includes time for reviewing 
the instructions, gathering needed information, and completing and reviewing the form." 
The 9/91 revision states, "The PHS estimates that it will take approximately 50 hours to 
complete this application for a regular research project grant. This estimate does not in- 
clude time for development of the scientific plan. Items such as human subjects are 
cleared and accounted for separately, and are therefore also not part of the time estimate 
for completing this form." I have heard occasional stories of proposals that were written 
a week before the deadline and were funded. However, in my experience and that of many 
of my colleagues it usually takes an appreciably longer time — several weeks to several 
months — to prepare a good grant application. And this is not counting the many months 
that may be required to accumulate the preliminary data on which the proposal is based! 
Moreover, it is important also to set aside time to have others read the proposal (about 1 
month), for you to consider — and act on — their relevant suggestions (about 1 month), 
and for the grants office at your institution to check over the administrative aspects of the 
proposal (generally between 5 days and 2 weeks). A hastily prepared application is often 
a poorly prepared application. 

Think about the time required to do each of the fallowing: 

• Compile the relevant data. 

• Prepare tables, figures, and/or photographs. 

• Finish the various stages of the project: outline, first draft, second draft, etc. Set 
deadlines for yourself for finishing each stage. 

• Have others read your proposal. Have a good second draft of the proposal ready 
to send to colleagues for appraisal at least 9-10 weeks before the grant application 
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DECLARATION OF KEVIN M. FARRELL, ESQ. 



Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 
Dear Sir: 

I, Kevin Farrell, do hereby declare and say: 

1 . I am a Partner at the law firm of Pierce Atwood focusing on the preparation and 
prosecution of biotech patent applications. I joined Pierce Atwood in 2002 from my own 
firm, Farrell & Associates, P.C. I received a B.S. in Biology from Boston College (1982) 
and a J.D. from Northeastern University School of Law (1989). 

2. As the Founding Principal of Farrell & Associates, I was intimately familiar with 
the firm's business practices and record keeping. In the ordinary course of business, 
timekeepers working on a patent application would read and prepare documents, 
including notes they made, and those documents and notes would be kept in the file for 



that patent application. In addition, timekeepers recorded their time. The bills for each 
application were also saved in the ordinary course of business. 

3. When I joined Pierce Atwood, I retained fclrtfi$ business records of Farrell & 
Associates. The Exhibits I discuss below are from those business records. 

4. Shortly before January 27, 1999, 1 spoke to Ms. Pamela Torpey, a patent agent 
representing the Boston Biomedical Research Institute (BBRI) as an outside consultant. 
Ms. Torpey asked if we could prepare a patent application relating to the work of Victor 
Raso, Ph.D. regarding an Alzheimer's vaccine. We discussed the invention briefly, and 
she sent the disclosure to me at Farrell & Associates on January 27, 1999 [Ex. A1 . 

5. We received the referenced correspondence from Ms. Torpey, with enclosures, 
on February 1, 1999 [Ex. A1 . I acknowledged receipt of the disclosure [Ex. B1 and 
studied the disclosure that same day [Ex. CI . 

6. For efficiency reasons, I assigned the application to a full-time Technical 
Specialist working for me, Shayne Y. Huff, Ph.D. Shayne and I spoke about the 
disclosure, and she studied it on February 5, 1999 [Ex. CI and prepared a memorandum 
to the file regarding her analysis of the disclosure on February 8, 1999 [Ex. D ; Ex. CI . 

7. Shayne spoke with Dr. Raso on February 23, 1999 concerning patentability [Ex. 
E; Ex. CI and prepared a memorandum summarizing that conversation [Ex. F1 . 

8. We received a facsimile from Dr. Raso on February 26, 1999 with further 
information in response to his conversation with Shayne [Ex. G1 . I studied those 
materials that day and spoke to Shayne regarding them [Ex. HI . Shayne studied them 
on March 1, 1999, began drafting claims, and spoke to me about the claims that day 
fEx. HI . 
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9. On March 2, 1999, the next day, Shayne spoke with Dr. Raso with questions 
concerning the invention, sent him a fax requesting further information, and continued 
drafting claims [Ex. I ; Ex. HI . Shayne continued studying the disclosure materials and 
drafting claims and examples for the application on March 2 and 4, 1999 [Ex. HI . 

10. Dr. Raso sent us further data on March 5, 1999 [Ex. J1 , which Shayne 
incorporated into the examples on March 8, and 9, 1999 [Ex. HI . 

1 1 .Shayne revised the draft claims and considered some potential prior art she had 
ordered on March 10, 1999 [Ex. HI . I reviewed the draft claims and examples that day 
and spoke to Shayne about them [Ex. HI . 

12. Shayne sent the draft claims to Dr. Raso and reviewed his comments on March 
17, 1999 [Ex. H]. She also requested further information from Dr. Raso that day [Ex. HI . 

13. The next day, March 18, 1999, Shayne revised the examples, sent them to Y< nja* 5 - 
and began drafting the Detailed Description section of the application [Ex. HI . Shayne 
continued to draft and revise the Detailed Description, as well as the Background of the 
Invention on March 19, 22, and 23, 1999 [Ex. HI . On March 24, 1999, she spoke with 

Dr. Raso regarding these sections, and she revised them on March 25, 1999 in 
response to further materials transmitted by the inventor [Ex. HI . 

14. Shayne further revised the Detailed Description section on March 29, 1999, and 
requested further information from Dr. Raso on March 31, 1999 [Ex. HI On April 15, 
19, and 22, 1999, Shayne contacted Dr. Raso requesting further information [Ex. K1 . 

1 5. Shayne studied the comments she received from VkJ in response to her various 3\*5\yn 
requests on May 4, 1999 and revised the application accordingly [Ex. L| . She also 

received further comments from Dr. Raso and incorporated them into the application on 
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May 12, 1999 [Ex. LI I studied the draft application and sent it to Ms. Torpey for review 
on May 13, 1999 fEx. Ml . 

16. Dr. Raso and Shayne spoke about his comments on the draft application on May 
20, 1999, and Shayne revised the application accordingly [Ex. LI . She further revised 
the application on May 21, 1999 and May 25, 1999 and sent it to Dr. Raso and Ms. 
Torpey [Ex. L ; Ex. N1 . 

17. Shayne revised the application to include Dr. Raso's final comments [Ex. N1 , 
spoke to Dr. Raso, and finalized the application on June 14, 1999 [Ex. 01 . We filed the 
final application, with its accompanying papers, on June 16, 1999. 

18. As the Principal of Farrell & Associates, I was quite familiar with Shayne's 
workload and docket. As I recall, and as evidenced by the Exhibits discussed above, 
she took up the subject application in its chronological order. She did not give 
preference to other work unless the other work came earlier than Dr. Raso's in 
chronological order, or unless the other work was subject to deadlines established by 
the Patent Office (such as responses to Office Actions) or statutory bars. 

I understand that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the above-identified 
patent. 




Kevin M. Farrell, Esq. 
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Torpey Associates 



P.O. Box 981 Douglas, MA 01516 tel. (508) 476-0002 fax (598) 476-9174 



January 27, 1999 



RECEIVED 

fE3 0 1 1999 



Kevin Farrell, Esq. 
Farrell & Associates, P.C. 




12Riverwood Dr. 

P.O. Box 999 

York Harbor, ME 03911 



Dear Kevin, 

It was a pleasure speaking with you the other day. Enclosed please find the 
information for the Raso invention. I would appreciate a copy of any draft applications for 
review. This will be a provisional application. Please do not hesitate to call if you have 
any questions. 

On another matter, I have also enclosed my resume. If you know or hear of any 
opportunities I may pursue please let me know. I will be taking the Patent Bar in April 
I look forward to hearing from you. 



Sincerely, 




Pamela Torpey 



Invention Disclosure Form 



1. What is the technical field? Please be specific. 



2. What problem are you trying to solve? Give references. 

3. How have others tried to solve this problem in the past? 

4. How has the prior solution failed to completely solve this problem? 

5. Describe your solution concisely, including a summary of the results achieved, futher 
experimental work planned and any additional information that would be helpful 

6. Depict your solution using at least one drawing. 

7. Referring to the drawing, describe how your solution works. Describe with enough 
detail that another scientist will be able to duplicate the work 

8. Describe the functional and/or structural differences between your solution and the prior 



9. Why do you believe your solution would not have been obvious to another inventor 
working on the same problem at the same time 

10. Describe all results achieved by your solution: 

11. Describe the advantages of you solution over the prior solution 




Raso, Victor 



Invention Disclosure — Immunological Approaches to Controlling Beta-Amyloid 

Levels in the Body 

1) This invention makes use of immunological technology as it applies to methods 
and reagents for controlling the levels of beta-amyloid which exist in the body. The 
invention utilizes the principles of immunology to design and develop specific anti- 
beta-amylpid antibody reagents and/or beta-amyloid vaccines to achieve this end. 

2) Presently there is no way to modulate the concentration of beta-amyloid either 
in' the peripheral circulation or in the brain where this peptide can precipitate to 
form cerebral plaques. The invention would provide a safe and highly specific 
method to effectively reduce the levels of this peptide in the body. An ability to 
modulate beta-amyloid levels could be important since there are numerous lines of 
evidence which indicate that the beta-amyloid peptide is either the direct or indirect 
cause of Alzheimer's disease (1-8). 

3) As far as I know no one has previously attempted to control the levels of beta- 
amyloid which exist in the body. 

4) See above. 

5) My solution uses specific anti-beta-amyloid antibodies as a means to safely 
control the level of this peptide in either the peripheral circulation or in the brain. 
Once introduced into the body, these antibodies can effectively bind all of the soluble 
beta-amyloid which is present. Less beta-amyloid would then be available to form 
insoluble deposits which can cause disease lesions such as the cerebral plaques seen 
in Alzheimer's disease. 

Endogenous systemic anti-beta-amyloid antibodies have been elicited by active 
immunization of animals using any of the beta-amyloid peptide antigens (vaccines) 
that have been synthesized in my laboratory as well as in other laboratories. 
Alternatively selected anti-beta-amyloid monoclonal antibodies which have been 
produced and isolated in my laboratory and others can be used as a form of passive 
immunization by directly infusing them into the blood stream or brain. 

A variation on this theme includes the use of catalytic antibodies (9-12) that 
can selectively and repetitively destroy beta-amyloid molecules in the body. 
Likewise, antibodies which can dissolve preestablished beta-amyloid plaques have 
been described (13, 14) and could be used to diminish those harmful deposits. 

Antibodies in the circulatory system will bind beta-amyloid in the blood 
stream and surrounding tissues but normally can not enter the brain. Intracerebral 
infusion of these anti-beta-amyloid antibodies is one feasible way to deliver them 
directly into the brain. However an easier approach for sequestering cerebral beta- 
amyloid has been devised. Delivery of systemic anti-beta-amyloid antibodies across 
the blood-brain barrier and into the brain can be be achieved by creating vectorized 
(15-18), bispecific reagents. These react with receptors on the cerebral capillaries and 
are transported into the brain by transcytosis. Once inside the brain anti-beta- 
amyloid antibodies can interact with either the soluble peptide or insoluble peptide 
aggregates and thereby lower the effective concentration of cerebral beta-amyloid. 
Reduced levels of beta-amyloid in the brain would diminish the chances of forming 
new cerebral plaques and could even dissolve preestablished plaques. 
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6) The following drawings help to depict my solution: 

Afln(agg.) <-> nA0 
Afrn(agg.) -> nAfl + Ab -» nA0:Ab 

Fig. 1 Effect of Anti-beta-amyloid Antibody (Ab) on Soluble Beta-amyloid (nA$) Versus 
Aggregated Beta-amyloid (AM Equilibrium 
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Fig. 2 Possible Equilibria of Beta-amyloid (A$) Pools in the Body 
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Fig. 3 Beta-amyloid (A$) Equilibrium Altered by Specific Anti-A$ Antibody 
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Fig. 4 Beta-amyloid (AH) Equilibrium Altered by Catalytic Anti-Afi Antibody (Ab) 
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Fig. 5 Vector-Mediated Delivery of Anti-A$ into the Brain 
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7) Several important radioisotopic exchange experiments (19, 20) suggest that a 
dynamic equilibrium exists between soluble beta-amyloid (nAB) and fibrillar beta- 
amyloid aggregates (AB n ) deposited as plaques in the brain (Fig. 1). Moreover, it has 
been demonstrated that treatment with certain anti-beta-amyloid monoclonal 
antibodies (Fig. 1) can effectively dissolve preformed AB aggregates (13). Since these 
antibodies also inhibit the initial aggregation of the peptide (14), the results indicate 
that self-aggregates of beta-amyloid (AB n ) are in equilibrium with a small amount of 
the beta-amyloid monomer (nAB). 

Free beta-amyloid present in the blood most likely arises from peptide released 
by proteolytic cleavage of beta-amyloid precursor protein present on cells in the 
peripheral tissues (Fig. 2). Likewise most of the different free beta-amyloid species 
found in the brain and cerebrospinal fluid are probably derived from peptide 
released by secretase cleavage of beta-amyloid precursor protein expressed on brain 
cells. However intercommunication between these pools is a distinct possibility (Fig. 
2) since the peptides are identical regardless of origin. If soluble beta-amyloid is the 
precursor of amyloid plaques and these pools do mix then senile plaques may be 
composed of both beta-amyloid originating in the brain as well as beta-amyloid that 
has been transported into the brain from the periphery. The possibility that blood- 
borne beta-amyloid might contribute to senile plaque formation in Alzheimer's 
disease is supported by the presence of capillaries at the core of plaques in the brain 
(21), deposits of beta-amyloid in cerebral blood vessels (22, 23) and 
immunocytochemical indications of beta-amyloid diffusing out of cerebral 
capillaries into the surrounding parenchyma (24). Radioisotopic studies indicate that 
soluble beta-amyloid in the blood can rapidly ejiter the brain and cerebrospinal fluid 
by passage across the blood brain barrier (25-27). 

The preceding observations speak to one of the central ideas of my invention, 
namely that the onset of plaque formation, plaque size or the number of plaques 
would be influenced by reducing levels of free beta- amyloid in the brain and these 
may in turn be linked to beta-amyloid levels in the blood. Beta-amyloid equilibria 
will be radically perturbed by sequestering or depleting soluble beta-amyloid in the 
blood using anti-beta-amyloid antibodies (Fig. 3). Induced endogenous antibodies or 
antibodies administered passively into the circulation can not cross the blood-brain 
barrier. Thus, they will act as a sink which should gradually reduce AB levels in the 
brain by pulling the equilibrium to the right (Fig. 3). 



Concentrations of antibody that are sustainable in animals would far exceed 
the levels of circulating beta-amyloid. For example, in both normal controls and 
patients with sporadic Alzheimer's disease, the plasma concentration of beta-amyloid 
was -200 pM (6). For patients with familial Alzheimer's disease these levels were only 
3-fold higher, 600 pM (6). The medium-range plasma level of a specific antibody in 
an immunized animal is -0.150 mg/ml or 1,000,000 pM. Since this greatly surpasses 
plasma beta-amyloid levels, circulating beta-amyloid should be quantitatively bound 
by even low affinity antibodies. For example more then 99% of circulating beta- 
amyloid would be complexed by an antibody with an association constant of 10 8 M -1 . 



The use of catalytic antibodies which can continuously destroy circulating 
beta-amyloid, would provide a highly efficient and permanent means of depleting 
these peptides in the blood (Fig. 4). This could provide an advantage over the use of 
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conventional antibodies which can bind beta-amyloid but do not destroy the peptide. 
Induced catalytic antibodies or catalytic antibodies administered passively into the 
circulation can not cross the blood-brain barrier. Thus, they will act as a sink which 
would gradually reduce beta-amyloid levels in the brain by pulling the equilibrium 
to the right (Fig. 4). 



It might be desirable to deliver anti-beta-amyloid antibodies into the brain so 
that they are in immediate contact with both soluble and insoluble forms of the 
peptide. However, induced endogenous antibodies or antibodies administered 
passively into the peripheral circulation do not normally cross the blood-brain 
barrier. Blood-borne anti-beta-amyloid antibodies therefore, cannot reach beta- 
amyloid plaques or soluble beta-amyloid in the central nervous system. These 
peptide-specific antibodies can be directly infused into the brain or the 
intracerebroventricular space but this is usually a difficult proceedure. Fortunately, 
a universal method for the rapid, vector-mediated delivery of macromolecules across 
the blood-brain barrier has been devised (15-18). This system can be adapted to carry 
either conventional or catalytic anti-beta-amyloid antibodies over the blood-brain 
barrier so that they are in immediate contact with the beta-amyloid plaques and 
soluble beta-amyloid pool in the brain (Fig. 5). 



A vector moiety must be chemically or genetically attached to the anti-beta- 
amyloid antibody to facilitate its delivery into the central nervous system. This vector 
component could be, for example, an anti-transferrin receptor or anti-insulin 
receptor antibody that binds to those receptors on the brain capillary endothelial 
wall (15-18) which makes up the blood-brain barrier. The resulting bifunctional 
antibody (28-32) will attach to appropriate receptors on the luminal side of the vessel 
(Fig. 5). Once bound to the receptor, both components of the bispecific antibody can 
pass across the blood-brain barrier by the process of transcytosis. Anti-beta-amyloid 
antibodies which have entered the brain will interact directly with both beta- 
amyloid plaques and the soluble beta-amyloid pool. It has been estimated that 
concentrations of macromolecules in the 1Q" 8 -1()- 7 M range can be achieved in the 
brain using vector-mediated delivery (15). 



Depending on their design, anti-beta-amyloid bispecific antibodies situated in 
the brain can function in three different ways to reduce soluble beta-amyloid and 
beta-amyloid deposits. An anti-beta-amyloid bispecific antibody that tightly binds 
soluble beta-amyloid will not only sequester the peptide but, due to efflux of 
vectorized molecules from the central nervous system (33), potentially can carry the 
bound beta-amyloid out of the brain and release it into the blood stream. This 
clearance mechanism would lead to a continuous cycling of beta-amyloid out of the 
brain (Fig. 6, path 1). The use of site-directed anti-beta-amyloid antibodies which can 
directly dissolve beta-amyloid aggregates (13) adds a new dimension to our strategy. 
Antibody-mediated dissaggregation of fibrilar beta-amyloid rendered it nontoxic in 
vitro. Importantly, a low ratio of antibody to beta-amyloid (1:10) was effective for this 
conversion (13) so that a similar effect could be achieved on the beta-amyloid 
plaques in the brain (Fig. 6, path 2). Another attractive possibility makes use of 
catalytic anti-beta-amyloid antibodies (9-12) designed to cleave beta-amyloid into 
harmless fragments. The advantage of delivering an beta-amyloid-specific catalytic 
antibody into the brain is two-fold. The beta-amyloid peptide would be permanently 
destroyed by such antibodies and, since catalysis is continuous, each antibody will 
inactivate many target beta-amyloid molecules in the brain (Fig. 6, path 3). Thus 
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much less vectorized bi specific antibody would have to be delivered into the central 
nervous system to achieve the desired depletion of beta-amyloid. 



9) It requires that the inventor is aware both of the role that beta-amyloid plays 
in causing disease and realizes that antibodies can specifically se quester the beta- 
^ amyloid peptide which circulates in the body. It further requires that the inventor 
recognize that insoluble beta-amyloid is in a dynamic equilibrium with the soluble 
form and that specific antibodies can change that equilibrium. The potential for 
generating catalytic antibodies and for creating vectorized bispecific antibodies must 
also be realized by the inventor. 



10) Different normal beta-amyloid peptides and transition-state peptide analogs 
have been synthesized in my laboratory. These represent the amino-terminal, middle 
and carboxyl-terminal regions of the beta-amyloid 43-mer. The transitions tate 
analogs include phosphonate, statine, and reduced peptide bond modifications 
designed to elicit catalytic antibodies that will cleave beta-amyloid at different sites. 
Several beta-amyloid vaccines have been produced using these normal peptides and 
transition-state peptide analogs. Mice have been immunized with the vaccines and 
have produced either anti-beta-amyloid or anti-transition-state analog antibodies. 
Hybridoma clones have been established from the immunized mice and the 
monoclonal antibodies produced by these clones have been fully characterized. 
Vectorized bispecific antibodies have been constructed and tested for bifunctionality. 



1 1 ) There are several advantages inherent in an immunological solution to the 
problem of controlling beta-amyloid levels in the body. Anti-beta-amyloid antibodies 
are highly specific reagents which will exclusively recognize and interact with 
beta-amyloid. They can be designed to bind beta-amyloid, dissolve its aggregates or 
catalytically cleave this peptide into harmless fragments. Antibodies are safe, highly 
compatible and designed by nature to function within the living organism. Specific 
anti-beta-amyloid vaccines can be designed to induce endogenous antibodies which 
are continuously present in the body of the vaccinated individual. The level of 
antibodies can be increased at any time by a simple booster injection of the vaccine. 



8) As far as I know there has been no prior solution to controlling beta-amyloid ^ 
levels in the peripheral circulation or in the brain. , x O 
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KMF studying new invention disclosure 
and acknowledging receipt of 
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SYH Studying new invention 

disclosure. 100 00 2 3Q 22Q qq 

02/08/99 

SYH Continuing review of new 

invention disclosure. 100.00 0.90 90.00 

02/23/99 

SYH Studying new invention 

disclosure; conferring with 
inventor (VR, SYH) Re; 
patentability - obviousness and 

nOVelty ' 100.00 2.20 220.00 

For Current Services Rendered 7 . 6o i~035~00 
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02/01/99 Facsimile expense ± QQ 

Total Expenses 100 
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MEMORANDUM 

To: Disclosure file BBRI-2004: Immunological Approaches to 

Controlling Beta-Amyloid Levels in the Body 
From: SYH <M 
Date: February 8, 1999 

Re: Initial Review of New Invention Disclosure for Patentability 



The file contains three grant applications, two of which 
contain preliminary data which is significant (data pages of 
grant applications are flagged) . If this preliminary data has 
not yet been publicly disclosed, it should be included in the 
patent application, and we should consider filing a non- 
provisional application instead of a provisional / and then filinq 
a CIP upon generation of further results. Whether any of the 
data has been publicly disclosed should be discussed with the 
inventor . 

Upon review of the Invention Disclosure Form, some question 
remains regarding obviousness of the invention. Under section (9) 
which describes why the invention is not obvious to one of skill 
in the art, the inventor lists several pieces of information 
which were required to make the invention, some of which may have 
been known to those of skill in the art at the time of the 
invention. This topic should be discussed further with the 
inventor prior to preparation of the application. There do not 
appear to be any novelty issues. 
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To: Disclosure file BBRI-2004: Immunological Approaches to 

Controlling Beta-Amyloid Levels in the Body 
From: SYH 

Date: February 23, 1999 

Re: Discussion of Patentability/Obviousness of New 
Invention with Inventor 



In a telephone conversation with Dr. Victor Raso, I 
discussed issues of public disclosure of the invention, prior 
art, and obviousness regarding the above referenced invention. 
Dr. Raso advised me that none of the data contained within the 
three grant applications in the New Invention Disclosure file had 
been publicly disclosed. Regarding the information presented as 
reasons the invention would not have been obvious to one of skill 
in the art, Dr. Raso informed me that the pieces of information 
listed under item (9) of the Invention Disclosure Form had been 
publicly disclosed by others. Bearing this in mind, they would 
not serve as good arguments against obviousness. 

In a discussion with Dr. Raso regarding other possible 
arguments for non-obviousness, he informed me that the effect of 
antibody binding j8-amyloid and keeping it in the blood, to permit 
less transmittal to organs and the brain was a somewhat 
unpredictable result. He stressed that the ability of such 
sequestration to have a sink effect in drawing j3-amyloid away 
from the brain is an unpredictable outcome. However, experiments 
which demonstrate this are currently underway. Other non-bbvious 
aspects of his invention which he informed me of also involve 
experiments which are underway. One example is whether 
sequestration of j3-amyloid in the blood and/or a sink effect will 
have significant therapeutic effects. In addition, the results 
of future experiments with bispecific antibodies which cross the 
blood brain barrier and sequester j3-amyloid are unpredictable 
regarding whether enough antibody will be transported to the 
brain to have a therapeutic effect. These arguments may be of 
use in the future upon securing intellectual property rights for 
future inventions relating to this work. I asked Dr. Raso to 
give some thought to other potential reasons why the current 
invention would not have been obvious to one of skill in the art, 
specifically focusing on reasons why one of skill in the art 
would not have predicted the results with a reasonable degree of 
certainty. He said he would give this some thought and then 
contact me later. 
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9) (Expanded) Ohr approach to controlling beta amyloid levels in the body 
has not been obvious for several reasons. These include: 1) Potential Safety 
Concerns; 2) Possible Inaccessibility to Beta-Amyloid in Plaques; 3) 
Unawareness of the Stoichiometric Balance; and 4) Lack ot Related Models. 

1) Potential Safety Concerns; The beta-amyloid peptide and amyloid precursor 
protein are naturally occurring molecules that are present in the body. Many 
researchers have therefore assumed that the simultaneous presence of anti- 
beta-amyloid antibodies would be harmful Io contrast, I found that normal 
animals immunized with beta-amyloid antigens and animals bearing ascites 
which produce large amounts of anti-beta-amyloid antibodies are not 
adversely affected. Thus the continual presence of anti-beta-amyloid 
antibodies which can bind to both beta-amyloid and to the amyloid precursor 
protein apparently does not interfere with the normal functioning of the 
animal. 

2) Possible Inaccessibility of Beta-Amyloid in Plaques; Most scientists assume 
that to be effective, anti-beta-amyloid antibodies must react directly with the 
beta-amyloid that is aggregated within the amyloid plaque. Antibodies may not 
have access to this aggregated form of the peptide and therefore would not be 
able to dissolve the plaque. I fealized that this is an incorrect assumption and 
that in order to dissolve the plaque, anti-beta-amyloid antibodies would only 
have to react with the low-level of soluble beta- amyloid which is in 
equilibrium with the aggregate. The plaque will be gradually disassembled as 
the outside layers of dissociated beta-amyloid molecules are prevented from re- 
assembling onto the aggregate by the presence of the anti-beta-amyloid 
antibodies which will rapidly bind to them. 

3) Unawareness of the Stoichiometric Balance; It is not inherently obvious 
that there will he a very favorable stoichiometry between the levels of soluble 
beta-amyloid and anti-beta-amyloid antibodies in an immunized subject. I 
performed the calculations based upon reported concentrations of beta- 
amyloid found in the blood stream and the concentration of anti-beta-amyloid 
antibodies expected following immunization with beta-amyloid antigens. The 
results indicate that the anti-beta-amyloid antibodies will be in a 1000-2000- 
fold excess over beta-amyloid and that greater than 99% of the circulating 
beta-amyloid will be complexed by the antibodies in an immunized individual, 

4) Lack of Related Models; Until recently there have heen very few good examples for 
therapeutically using monoclonal antibodies in diseased patients. We selected 
antibodies to target beta-amyloid because they are compatible, highly specific 
molecules that are designed by nature to recognize and seek-out pathogens in the 
body. Currently, a humanized anti-receptor monoclonal antibody, Herceptin, is 
giving positive signs in the treatment of breast cancer. The ability of this passively 
administered antibody to produce a beneficial response in the face of all of the 
potential physiological hurdles posed by the disease is very promising. My approach 
for controlling beta-amyloid levels could similarly be used to develop an 
immuno therapeutic approach to the safe treatment of Alzheimer's disease. 
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Dear Dr. Raso: 

Following are the first page and specific aims page from two of the three grant 
applications we have in our file. As discussed on the phone, please send an electronic copy 
of the corresponding grant applications as attachments in MS word. I won't need an 
electronic copy of the third application which contains no data. My e-mail address is 
SYHuff@aol.com. I'll begin drafting claims which specifically recite the invention(s) and 
will send them off for your comments in a few days. 

Best regards, 




Privileged and Confidential - All information transmitted hereby is 
intended only for the use of the addressee (s) named above. If the reader 
of this message is not the intended recipient or the employee or agent 
responsible for delivering the message to the intended recipient (s) , 
please note that any distribut ion or copying of this communication iB 
strictly prohibited; Anyone who receives this communication in error is 
asked to notify us immediately by telephone and to destroy the original 
message or return it to us at the above address via first class mail. 
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Principal Investigator/Program Director (Last, first, middle): RaSO Victor A 

DESCRIPTION. State the application's broad, long-term objectives and specific aims, making reference to the health relatedness of the project. Describe concisely 
the research design and methods for achieving these goals. Avoid summaries ot past accomplishments and the use of the first person. This description is meant 
to serve as a succinct and accurate description ol the proposed work when separated from the application. If the application is funded, this description, 
as is, will become public information. Therefore, do not include proprietary/confidential information. DO NOT EXCEED THE SPACE PROVIDED. 

The f3-amyloid peptide and the cerebral plaques that it forms are likely either the direct or indirect cause of 
Alzheimer's disease. This small, 4 3 amino acid residue peptide is produced in the central nervous system by cleavage: 
from a cell-surface precursor protein. Thus, soluble 6-amyloid exists free in the brain and cerebrospinal fluid and it ; 
eventually deposits as "insoluble" aggregates to form amyloid plaques in the brain. The hypothesis to be tested 
suggests that the soluble and insoluble forms of 6-amyloid present within the brain of Alzheimer's patients are in. 
dynamic equilbrium. Accordingly, plaque growth will be curtailed and the plaques should gradually dissolve when that, 
equilibrium is displaced by reducing soluble B-amyloid levels. This depletion can be accomplished by using highly i 
specific anti-B-amyloid antibodies to tie up or modify soluble B-amyloid in the brain. Tr ansport of the anti-B-amyioidj 
antibody into the central nervous system will be facilitated by coupling it to an anti-transferrin receptor antibody; 
which serves as a vector, carrying the new bispecific construct across the blood-brain barrier. These expressly 
designed, vectorized anti-B-amyloid antibodies provide a novel basis for the immunotherapy of Alzheimer's disease by 
virtue of their ability to enter the brain and directly perturb B-amyloid equilibria. 

The effect of those vectorized antibodies will be tested using an established colony of TS2576 transgenic 
mice which express a mutant form of the human amyloid precursor protein and produce extracellular B-amyloid 
peptide deposits in the brain at -1 1 months of age. Human B-amyloid peptides and transition state analogs of those 
peptides have been used to elicit monoclonal antibodies in mice. The antibodies have been chacterized by ELISA and 
proteolytic assays to select those that show high-affinity binding to B-amyloid, or catalytic activity, or an ability to. 
dissolve B-amyloid aggregates. Bispecific antibodies were formed by coupling the anti-B-amyloid antibodies to an anti- 
transferrin receptor antibody which can cross the blood-brain barrier by transcytosis. These vectorized bispecific. 
antibodies will be administered to young and old transgenic mice by periodic i.p. injection either before or after the 
onset of plaque development. Antibody-treated transgenic mice will be compared to control transgenic mice in terms 
of the number and size of plaques in brain sections, the level of B-amyloid peptides in brain extracts and the extent of 
their memory impairment. These studies could establish a causal relationship between amyloid deposits and the 
behavioral deficits in the transgenic mouse model. 

PERFORMANCE SJTE(S) (organization, a'ty, state) 

BOSTON BIOMEDICAL RESEARCH INST 
20 STANFORD STREET 
BOSTON, MA 02114 
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Victor Raso Boston Biomedical Research Institute Principal Investigator 
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Christine Kearney Boston Biomedical Research Institute Research Technician 
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kaso, Victor A 

A. SPECIFIC AIMS 

Presently, there axe few encouraging therapeutic prospects for the prevention or treatment of 
Alzheimer's disease. However, the reversable deposit of soluble J3-amyloid peptide (AJ5) onto plaques 
in unfixed brain sections and the disintegration of AJS aggregates by monoclonal antibodies suggest 
that an immunotherapeutic approach to the disease should be feasible. The ultimate objective of" 
this project is to test four central hypotheses which would lay the scientific groundwork for such a 
therapy. These are: 1) that j3-amyloid plaques in the brain are in equilibrium with soluble A/3 
peptide; 2) that anti-AB antibodies can be carried through the blood-brain barrier and into the 
central nervous system by coupling them to specific vector antibodies; 3) that soluble A3 will be 
sequestered or depleted by appropriate anti-A£ antibodies in the brain; and 4) that decreasing 
soluble A3 levels in the central nervous system will either reduce the number or size of 
preestablished J3-amyloid plaques and/or prevent the de novo formation of incipient plaques. 

The advantages inherent in the immunotherapy of disease are well established. No harmful 
drugs or foreign proteins are required for treatment. Immunotherapy is highly specific and can be 
easily sustained for as long as needed, important features for combating Alzheimer's disease. An 
ability to experimentally modulate plaque formation in the brain would allow us to unequivocally 
test the causal relationship between these lesions and memory impairment in affected animals. Our 
rational assembly of reagents, techniques and model system currently puts us in a unique position 
to establish the scientific basis for this novel and potentially high impact approach to treating 
Alzheimer's disease. 



The three major research aims are to: 



Elicit Monoclonal Antibodies with Native Afi and Transition State A3 Antigens 

Immunize mice with several different native A3 and transition state A3 antigens 
and establish antibody-producing hybridoma clones. 

Screen and isolate antibodies that dissaggregate A3 or show catalytic activity or 
have a high binding affinity for the A3 peptide. 



Produce Vectorized An ti-AJ3 /Anti-Receptor Bispecific Antibodies 

Covalently-link selected anti-AB antibodies with anti-receptor antibodies to 
produce bifunctional heterodimers which readily cross the blood-brain barrier. 

Prepare small bispecific F(ab')2 heterodimers for vector-mediated transport into the 
brain without the danger of complement fixation. 

Characterize these bifunctional reagents with respect to their dual specificity and 
their ability to enter the brain. 



Test Anti-AO Bispecific Antibodies for Disrupting Plaque Development in Mice 

Determine if the vectorized bispecific anti-Afi antibodies cross the blood/brain 
barrier and bind to amyloid plaques found in the brain of "Alzheimer's mice." 

Treat young "Alzheimer's mice" with vectorized bispecific anti-A6 antibodies and . 
examine the animals for effects on subsequent amyloid plaque development and for 
the prevention of behavioral deficits. 

Treat old, plaque-bearing "Alzheimer's mice" with vectorized bispecific anti-A3 
antibodies and examine the animals for a reduction in the number or size of 
preestablished amyloid plaques and reversal of their memory impairment. 
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RASO, Victor, A. 

A. SPECIFIC AIMS 

Presently, there are few encouraging therapeutic prospects for the prevention or treatment of 
Alzheimer's disease. However, the reversable deposit of soluble J3-amyloid peptide (AJ3) onto plaques in 
unfixed brain sections and the disintegration of AJ3 aggregates by monoclonal antibodies suggest that an 
immunotherapeutic approach to the disease should be feasible. The ultimate objective of this project is 
to develop novel therapeutic vaccines which will elicit specific anti-AJ3 antibodies. By efficiently binding 
AJ3 in the blood stream these antibodies should perterb its systemic equilibrium, gradually deplete AJ3 
levels in the brain and thus delay or reverse plaque formation. This new, innovative form of intervention 
might ultimately be used to prevent or alter the course of Alzheimer's disease. 

The advantages inherent in the immunotherapy of disease are well established. No harmful drugs 
or foreign proteins are required for treatment. Immunotherapy is highly specific and can be easily 
sustained for as long as needed, important features for combating Alzheimer's disease. In order to 
achieve our goal we will apply basic principles from the field of immunology and from the newly 
expanding field of vaccine design and development. An ability to experimentally modulate plaque 
formation in the brain would allow us to unequivocally test the causal relationship between these 
lesions and memory impairment in affected animals. Moreover, the new paradigms established in this 
study have potential for a broad biomedical impact since they might easily apply to alternative situations 
where low levels of a noxious substance cause or initiate disease. 

Our rational assembly of reagents, techniques and model system currently puts us in a unique 
position to test the scientific feasibility of this novel and potentially high impact approach to Alzheimer's 
disease. This study will use AJ5 peptides to create vaccines designed to induce anti-AJ3 antibodies which 
will alter systemic AJ3 levels. We can then test these reagents for beneficial effects in a transgenic mouse 
model of Alzheimer's disease. Our research will establish whether there is potential for the clinical 
development of anti-AJ3 vaccines as uniquely specific and urgently needed therapeutics. 

The three major research alms are to: 



Produce JS-Amyloid Peptide Vaccines 

Synthesize several small AJS peptides encompassing different regions of the complete 
43 amino acid residue AJS peptide. 

Assembler-amyloid peptide vaccines for immunization by disulfide-linking the various 
AJ3 peptides to a keyhole limpet hemocyanin carrier protein. 



A.2 Immunize Transgenic Mice with AJ5 Peptide Vaccines 

a. Immunize groups of both young and old transgenic "Alzheimer's mice" with the different 
A6 peptide vaccines to establish high titre anti-AjS antibody production. 

b. Screen sera of immunized mice using a radiolabeled-AJ3 binding assay and ELISA 
to characterize both the strength and specificity of the antibody response. 

A.3 Test Vaccines for Disrupting Plaque Development in Mice 

a. Determine if endogenous antibody binding of systemic AJS alters the biodistributlon of 
radiolabeled AJ3 in "Alzheimer's mice." 

b. f™™ ine voun g vaccinated "Alzheimer's mice" for an effect of endogenous antibodies on 
the de novo formation of amyloid plaques and for the prevention of memory impairment. 

c Test the effect of vaccination on old. plaque-bearing "Alzheimer's mice." Examine the 
animals for a reduction in the number or size of preestablished amyloid plaques and 
reversal of their behavioral deficits. 4 
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C PRBLIMINAR7 studies Raso r Victor A 

C. 1 Elicit Monoclonal Antibodies with Native A» and Transition state Afi Antigens 

a. Synthesis of fl-amyloid peptide antigens: The amino acid sequence of the 43 residue 
^-amyloid peptide (A6) Is shown in Fig. 3. Predicting precisely which site on the A6 peptide will be 
ultimately best suited for antibody-mediated therapy is difficult Therefore 3 key epitopes on the 

~~~^2 N-DAEFRHDSGYEVHH9KLVFFAEDVGSNKOAHGLMVOGVVIAT-CO2H 

oV" / 1 10 20 30 40 

AjB 43-mer were chosen as targets for the catalytic and conventional antibodies. The resulting panel 
of monoclonal antibodies will be screened in vitro to identify desirable properties such as high affinity 
binding, catalytic activity and/or the ability to dissociate A0 aggregates. Select anti-A6 antibodies 
will then be vectorized by coupling to an anti-transferrln receptor antibody (antt-TfR) and studied in 
the Tg mouse model to determine empirically which of these unique immuno-reagents are both 
therapeutically effective and pharmacologically safe. 

Peptide antigens for dieting an immune response directed against the amino-terminus, the 
central region and the carboxy-terminuc of AO -were produced (Pig. 4). A Cys residue was added and 
the peptides were synthesized using standard automated Fmoc chemistry. The peptides were purified 
by HPLC and their composition was verified by mass spectral and amino acid analysis. The Cys 
substitution was designed to provide a sulihydryl linkage group for coupling the peptides to 
antigenic, maleimlde-activated carrier proteins such as Keyhole Limpet Hemocyanin (KLH). 

^ H2N-Asp-Ala-Glu-Phe-Arg-Hls-^^ 

15 10 15 

^ C^-Tvr^lii-Val-HlR-HI^Oln-^ 

10 15 20 25 

x Cys-Met-Val-Gly-Gly-Val-Val.lle-Ala-Thr-C0 2 H 

m&p* 35 40 

b. Phospbonamldatc and pb.oephonate based transition state peptides: A 

phosphonaraldate transition state analog encompassing the carboxy-termlnal region of AJJ has been 
synthesized (Fig. 5). 



\ 

N-acetyl-C^-Met-V8j-G^-Gbr--CO-ira'-VaJ-Ved*ne-Ala-amide 
35 40 

N-acetyl-Cys-Met-Val-Gly-Gly-POa"-NH-Val-Val-lle-Ala-amide 



Replacement of the proposed scissile peptide linkage between Gly38 and Val39 (\) with a 
phosphonamldate moiety (-POjf -NH-) is designed to elicit catalytic antibodies that will hydrohytically 
cleave A0 at this site. The N-acetyl-Cys residue was placed at the position of UU34 to provide 



sho™ ^ J£ k ?l gn,Ul ' f".«~P?n» this peptide to an antigenic career ^eta.^ structures 
shown in Fig. 6 represent the putative transition state for peptide hydrolysis try zinc peptidases 
and the phosphonate and phosphonarnldate mimics. Similar itrahedrj Ttosition sSe 

HCR HNCHR HCR OCHK HCR HNCHR 

y h v v 

<X <<» <£> 

6 Traoshion-staK 1 Phosphonate Phosphonarnldate 

° f 016 f ° Ur daSS68 * e ^es, the serine-, cysteine-. 

«- * 4/i 1116 d4 ? 8n w f5 ate fiy and methods for synthesizing phosphonarnldate based transition state 
peptides i are straightforward (46, 47). The N-terminal portion of the peptide (N-acefyl-C^et-V^S 
was made using standard automated Fmoc chemistry. Its amino terminus wasLpped with acetic 
22? H Sti ? atta * hed t0 resin - Aft" cleavage from the resin the N-acetyl 
S?Sf? T* t T h! ? diSU,flde *° **** ite ©roup. An acid chloride of 

Cbz-gryclne phosphonate monomethyl ester (46, 47) was coupled with Val-Val-De-Ala-amide which 

riT^, J" 7 ^ chemistry. The last amino acid of A6. Thr. was omitted because 

of potential problems with its unprotected hydroxyl group. The product, Cbz-Gry-P0 2 --NH Val Vol 
5?"^^? ? 3 P h09 P h0namidat e (methyl ester) bond between the Qty and Val residues Next 
the Cbz blocking group was removed using hydrogen so that the protected N-acetyl-Cys-Met-Val-Glv 
peptide could be added to the amino terminal end of this transition state peptide by HHTU-activated 
peptide linkage. Treatment with mercaptoethanol and rabbit liver esterase was used to deblock the 
peptide. Each key component listed in the synthetic scheme was tested for purity by HPLC and its 
composition was verified by mass spectral and amino acid analysis. This new Afi analog. N-aeelyl- 

^f-Val-^ 5 > 19 * elicit catalytic antibodies 

that will specifically cleave A0 at the Gry-Val bond. 

The synthesis of phosphonate AB transition state peptides (eg. N-acetyl-Cys-Met-Val-Gry-Glv- 
P0 2 --0-Val-Vjd-ne-Ma-ainide) will follow a similar scheme and will use some of the same 
Intermediates described for the phosphonarnldate transition state analog. 



\7 





Gty-Gly.CO-NH.Val-Val 



T 

Gly-Gly.p02"-NH-Val-Val 



A structural comparison was made between the native A0 peptide and the transition state 
phosphonarnldate A3 peptide (Fig. 7) using a graphics workstation. The peptide link -CO-NH- (A) 
between Gly 38 and Vafco was replaced with a phosphonarnldate bond -PO a -NH- (t) and an energy- 
minimization was applied. The orientation shown abase. Fig. 7, clearly illustrates the difference 
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between the planar peptide link -CO-NH- (f)ot native A3 on the left versus the corresponding 

tetrahedral phosphonamidate bond -PO2-NH- (t) In the transition state peptide on the right 

An antibody combining site complementary to the tetrahedral transition state analog on the 
right of Fig. 7. will force the normally planar bond of the AJ5 substrate peptide on the left into a 
transition etate-like conformation. Such bond distortion can catalyze the hydrolytic cleavage of the 
A0 peptide at the Gly3 0 -Val39 linkage. ' 8 



c Statine baaed transition state peptides: A series of statine (8ta) transition state 

analogs encompassing the carboxy-terminal region of A6 (Cys-Met-Val-Gfy-Gly-Val/Ste-Val/Sta- 
fle/Sta-Ala-Thr) has been synthesized in this laboratory (Fig. 8). 



\ \ \ 

Met-Val-Gly-Gly-Val-Val-Ue-Ala-Thr-COaH 
35 40 



/ Replacement of the proposed scisslle peptide linkage between Valsg and Vaiio (I). VaUo and 

/ Qe 4l (I) and Ue4i and Ala4 2 (\) with a "statyl" moiety (-CHOH-CH 2 -CO-WH-) is designed to elicit 
catalytic antibodies that will hydrolytically cleave AJS at one of these sites. A Cys residue was placed 
at the position of Leu 34 (Fig. 3) to provide a suitable linkage group for coupling this peptide to a 
raaleimlde-activated earner protein. 

^ ^ statine transition state peptides were en^y_fiyntoesized using standard automated" 

FYnor. chemtetyJIJairw^rfe^slble due to the availability of Fmoc-statine (Sta). [N-Fmoc-(^S,4S)-4^ 
amigo-3-bjdjp?y-6-methyl heptanoic acid]jGri5ra a commercial source . Each^pejitide was tested for 
purltybyflExC and its compositiorrwas^verifled by mass spectral and amino add analysis. 



d. Phenylalanine statine based transition state peptides: A series of phenylalanine 
statine (PhSta) transition state analogs encompassing the central region of A3 (Cys Tyr Clu-Vol-His- 

His-Gln-Lys-Leu-Val-Phe/PhSta-Phe/PhSta-Ala-Glu-Asp-Val-Gly-amlde) was synthesized in this 
laboratory (Fig. 9). s 

T^-Glu-Val-His-His-Gm-Lys-I^u-Val-Phe-Phe-Ala-Glu-Asp-Val-Gry- 
1U 15 20 25 



Replacement of the proposed scissile peptide linkage between Phej9 and Phe20 (I) and Phe 2 o 
and Ala2i(|) with a statyl moiety (-CHOH-CHg-CO-NH-) (Fig. 9) is designed Lu elicit catalytic 
antibodies that will hydrolytically cleave A0 at these sites (Fig. 9). A Cys residue was placed at the 
position of Glyg (Fig. 3) to provide a sulfhydryl linkage group for coupling the peptide to antigenic, 
caaleUudde-acUvated carrier pivteius such as KLH. 

The phenylalanine statine transition state peptides were entirely synthesized using standard 
automated Fmoc chemisty. This was feasible due to the recent availability of Fmoc-"phenylalanine 
statine" (PhSta), lN-Fmoc-(3S,4S)-4-amino-3-hydro?qr-5-phenylpentanoic acid] from a commercial 
source. Each peptide was tested for purity by HPLC and Its composition was verified by mass spectral 
and amino acid analysis, • 

An antibody combining site that is complementary to the elongated tetrahedral transition 
state analog will force the normally planar peptide bond of the A& substrate into a transition state- 
Uke cuiiforiiiaUuri. Such distortion should catalyze the cleavage of AB at the Pheig^he 2 o bond. 

2 4 
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Raso, Victor A 

. t . 4 , e- Jtmmwiteation of mice: Standard protocols were used to immunize BALB/c mice 

with the KLH-Unked AC peptides described in the preceding sections. Briefly this procedure used I p 
injection of the different antigens emulsified in complete Freunds adjuvant, followed by a second 
course in incomplete Freunds adjuvant Three days prior to the hybridoma fusion, the mice were 
boosted i.v. with antigen in PBS. 

f . ™*l-Afi binding assay: It was very important to demonstrate that our anti-AjB and anti- 
transition state Aft monoclonal antibodies bind to the natural A61-43 peptide which they are 
designed to cleave. Therefore we radiolabeled A3i-40 and AJ3 1-43 with w°l and then separated the 
iodinated peptide from unlabeled material by HPLC to give essentially quantitative specific activity 
(-2000 Ci/mmol) (13). This probe was incubated for In at 23°C with either purified antl-A/3 
antibodies or media taken from hybridoma clones producing anti-A0 antibodies. A polyethylene 
glycol separation method was used to detect the amount of 12 5l-A0i-43 bound to antibody (Table I). 

Table I ^^l-Afli-w Binding to a Purified Monoclonal asM-ajs Antibody * 

12B I-A»i^o Bound Specifically Bound 

■ Addition (Sum] f% of total nddodl 

Control s 8,560 

+ GA1 1 aiiU-A0 64,389 79 

* anti-AB SA1 1 at 2xl0" 6 M; Added -70,000 cpm of 125 I-ABi-4o 
The data in Table I demonstrate the ability of our purified 5A1 1 monoclonal anti-AJJ antibody 
to bind a high percent of 125 I-AjSi. 40 . This binding assay will be valuable to screen clones and 
purified antibodies (Table I) for their ability to bind A6 and can also serve as the basis for a 
competitive displacement assay to measure the relative binding strength of different unlabeled A3 
peptides. With very efficient catalytic antibodies this binding assay may have to be performed oh ice 
to ensure that no cleavage of AB occurs during the lh Innihatton time. The assay will allow us to 
quickly identify clones which produce high affinity anti-AB antibodies. 



g. Hybridoma production I: We performed a hybridoma fusion using the spleen of a 
mouse immunized with the phenylalanine statine transition state AjB-KLH antigen (Fig. 9). 
Monoclonal antibodies from several of the hundreds of hybridoma supernatants produced were 
screened using ELISA to assess their binding to both the normal Afh-43 peptide and to the 
phenylalanine statine transition state AS peptide. Two major patterns were found (Fig. 10). 



□ Binding is Phenylalanine SttHnt-AQ TVaiwHiOrt State 
■ Binding to ABM3 
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One group of antibodies (at the left of rig. lOj bound to the immunizing transition state 

"!?, ZTIf ^ StK>ngly with ^ native ^i' 43 when each » adsorbed directly 

. . P J A SeC ° nd &0XXV (at 1116 rtght) showed a bindln e preference for the 
phenylalanine statine transition state A3 peptide and reacted minimally with native A61-43. 

Strong color reactions were obtained in this ELISA using only 10 til of hvbridoma 
supernatant while Hy media alone or P^BS gave a low background (Fig. 10). These results demonstrate 
that the comparative ELISA screen, although only a semi-quantitative measure of binding will 
provide a means for choosing monoclonal antibodies that are highly selective for. and most reactive 
with, the transition state. Importantly, the antibodies bound to the carrier free AS peptides adsorbed 
directly onto mlcrotitre plates, showing their anu-peptide specificity. 

These findings Indicate that several of the new anti-A3 transition state antibodies are 
unique. They can bind to both the phenylalanine statine- and normal-A6 peptides. Their selective 
recognition of the transition state and weaker cross-reaction with native AG1-43 however implies 
uJ 3 ^ b 5 dto g interaction is very different from that shown by conventional anti-native A3 
antibodies. It suggests further that these new antibodies may be able to force the native AS peptide 
into a conformation resembling the transition state for hydrolytic cleavage. Importantly, some of the 
antibodies which showed only minimal binding to A61.43 hi this ELISA, did display cross-reactivity 
with the natural peptide using a highly sensitive 12 5l-A3 1 .43 binding assay fTable I) 



h. Solid phase and TLC Aft proteolytic assays: A solid phase 12 5i-iabeled A0 assay was 
developed to screen anti-transition state antibody hybrldoma supematants for specific proteolytic 
activity. The Cys-His-Gm-Lys-Leu-Val-p he-Phe-Ala-Glu-Asp-Val-Gly-Tvr-amide peptide encompassing 
amino acids 14-25 of A3 (Fig. 3) was synthesized with a Cys and Tyr added at either end. This was 
radiolabeled with 125 1 and the lodlnated peptide was then separated from unlabeled material by HPLC 
to give essentially quantitative specific activity (-2000 Ci/mmol). The highly radioactive AC peptide 
was coupled to a thiol-reactive, iodoacetyl-Sepharose gel to form an irreversible linkage. Catalytic 
antibodies should promote the progressive release of soluble ^I-peptide from the solid phase matrix. 
The proposed assay was verified by the ability of several different proteases In to rapidly hydrolyze this 
Sepharosc-linked A3 substrate. The peptide is readily accessible to proteolytic cleavage as revealed 



Anrt-AB TreiutttoMtat* Antlbodtot Plu* '"l-AO-Sepherose 



by the release of soluble I25 I-peptide that increased 
with incubation time (data not shown). Selected 
antibodies were screened for catalytic activity using 
release of radioactivity from l25 I-A3-Sepharose (Fig. 

The results obtained at pH 7, 25°C indicate 
that the antibody-containing media of several Hones 
released l25 I-peptide at a greater rate than other 
clones from this fusion or the PBS and Hy medium 
controls (Fig. 11). Large amounts of these antibodies 
will now be obtained, purified and tested a higher 
concentrations to achieve much faster rates of 
cleavage and to verify that the antibodies are acting 
in a catalytic mode using conventional enzyme 
kinetics. By changing the composition of the 
12S I-peptide we can use this same strategy assay 
antibodies reactive with different regions of A3. 

We devised a thin layer chromatography-based autoradiography assay so that more definitive 
evidence for antibody-mediated cleavage of A3 could be obtained. We also expanded selected anti- 
phenylalanine statine A3 transition state clones, Induced ascites production and isolated the 
different monoclonal antibodies using protein A-Sepharose. The cleavage assay used 125 I-ABi 40 and 
a 17-mer, encompassing amino acids 9-25 (Fig 3). These two 125 I-labeled peptides bound to the 
purified monoclonal antibodies 5A1 1 and 6E2 when examined using either a PEG precipitation assay 
?25^ y a co-electrophoresis method. To test for peptide cleavage we added the antibodies to the 
I-peptides, allowed them to incubate and then spotted the reaction mix onto polyamide thin layer 

26 
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Fig. 11 Cleavage of 125 I-A&-Sepharose 
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Raso, Victor A 

40-mer sheets. The chromatography were developed in different 

solvents (eg. 0.5N HC1, 0.5N NaOH or pH7 phosphate 
buffer) and the migration of 125 I-products was followed by 
Wk exposing the sheet using a quantitative phosphoimager 
system (Pig. 12). 

It is very encouraging to see that these antibodies 
break down the A0 peptides compared to the untreated 
peptides (PBS), Obviously, many more experiments must 
be performed and additional controls will have to be run 
before we can conclusively state that the antibodies are 
catalyttcally hydroryzing the AJ5 peptide at the right site. 
Various naturally occurring proteases will be tested in this 
6E2 system so that we can Identify the cleavage site of the 
antibodies by comparison with the known specificity of 
the different enzymes. We will also sequence the cleaved 
AS peptides. 



I. Hybridoma production II: Another distinct hybridoma fusion was performed using 
the spleen of a mouse immunized with a KLH conjugate of the statine (Sta) transition state analogs 
encompassing the carboxy-terminal region of AG (Fig. Si) (Cys-Mct-Val-Oly-Gry-Ved/Sta-Val/Sta- 
Ile/Sta-Ala-Thr). ELISA was used to demonstrate antibody binding to both the normal Aj&i 43 
peptide and to the statine transition state Afi peptide (Fig. 13). 

The antibodies bound to the C-terminal locus on these carrier-free Afi peptides adsorbed 
directly to the microtitre plate, confirming their anti-peptide specificity. Most of the antibodies 
preferentialry recognized the statine AJ3 transition state but cross-reacted with native AJh 43 . This 
suggests that these new antibodies may be able to force the native AS peptide into a conformation 
resembling the transition state for hydrorytlc cleavage of its C-terminal amino acids. Such cleavage 
would in effect convert AB1-43 into potentially less harmful shorter peptides, like A61-40 or A61.39. 

Clone 1 1E9 had the strongest binding preference for the statine analog and might therefore be 
the best prospect for having catarytic activity (Fig. 13). Several clones displayed no difference in their 
rcacttvity with the native Versus statine transition stale AS peptide We also tested the clones With 
A61.40 to identify antibodies which do not react with this shortened, 40 amino acid version of A6 
(Fig. 13). Used therapeuticalry, such antibodies would preferentially bind/cleave the less abundant 
but more noxious AS 1-43 species in ihe blood as opposed to the smaller and less detrimental 
A01-4O- 
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Fig. 13 ELISA Comparing Antibody Binding to Transition State Versus Native 40 
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J. DlsaggregaUon of A-Amyloid by Monoclonal Antibodies: THe self-aggregation 
of synthetic A6 peptides leads to microscopic structures which resemble amyloid plaques in the brain 
(16, 17) and exhibit the same bright green fluorescence upon exposure to thioflavin T (Fig 14) These 
aggregates are very stable and usually require harsh detergents or strong acids to dissolve. However, It 
has now been demonstrated that the binding of certain anti-Afl monoclonal antibodies can 
effectively inhibit the initial aggregation of this peptide and also disaggregate preformed A3 complexes 



Phase Contrast Thioflavin Fluorescence 

Fig. 14 Photomicrographs of Self-Aggregated A£ Peptide 

We set up a radioactive assay as a quick way to screen the different monoclonal antibodies 
produced in this laboratoiy for an ability to dissolve preformed A3 aggregates. After adding 125 I-A0 to 
unlabeled soluble peptide, aggregates were formed by bringing the solution to pH 5 or by stirring it 
overnight in PBS. An aliquot of the labeled aggregate was incubated for lhr -with cither PBS, die 
5A11 anti-A3 antibody or an equal amount of an irrelevant mouse antibody (7D3, anti-human 
transferrin receptor). After centrifugation, the level of radioactivity in the precipitate was measured 
(Table II), The fact that the A6-specific SA11 antibody solubtilzcd 80% of the A6 aggregates while an 
equal amount of the control antibody had only a minor effect suggests that the equilibrium was 
displaced by antibody-mediated binding of soluble AJ5. 

Table n Solubilization of ^-Afli^o Aggregate by Monoclonal Anti-A0 Antibody 

w5 I-A8i^o *n Ppt. Amount Solubilized 

PBS control 3,420 

+ 5A11 antWUS 676 80 

+ 7D3 antt-TTR 2,458 27 



C.2 Produce Vectorized Antt-AJJ/Anti-Receptor Bispecific Antibodies 

a. Vectors for transcytosis across the blood-brain barrier: Anti-transferrin receptor 
antibodies (anti-HR) are the primary vectors that we will deploy for delivery of the anti-Atf antibodies 
into the brain. The 7D3 mouse monoclonal antibody developed in this lab, is specific for the human 
receptor and selectively immunostains cortical capillaries in normal human brain tissue (48) (fig. 15). 
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Antibody attachment to the receptor Js not 
blocked by an excess of human transferrin. The epitope 
recognized by this antibody is therefore distant from the 
receptor-llgand binding site. Bispecific antibodies 
constructed with this 7D3 antibody and an anti-AJB 
antibody would be potentially useful for therapy in 
patients with Alzheimer's disease and possibly for 
preclinical trials in primates. 

For studies in the transgenic mouse model of 
Alzheimer's disease we have obtained an anti-mouse 
transferrin receptor monoclonal antibody produced in 
rig. 15 Human Brain CapQIartes Stained the rat. This antibody also appears to recognize a 
wththe7D3Anti-TfR(48) transferrin receiptor epitope which does not involve 

ligand binding. The antibody therefore has no effect on 
cell proliferation when tested using murine lines* 

b. Synthesis of bispecific antibodies; The anti-A£ antibodies have been chemically 
coupled to anti-human transferrin receptor and anti-mouse transferrin receptor antibodies by 
different methods (26, 30). We adopted a rapid thioether linkage technique to form strictly bispecific 
hybrids using Ttaut's reagent and the hctcrobifunctional SMDP reagent. One component was 
sparingly substituted with thiol groups (SH). These readily reacted to form a thioether linkage upon 
mixture with the maleimido-substituted (M) second component, 

Ab A -SH + Ab B -M -» Ab A -S-AbB 

Gel filtration of the reaction mixture on an S-300 column yields the purified dimer which is 300kDa 
and has two sites for binding A0 plus two sites for attachment Lu transferrin receptors on brain 
capillary endothelial cells, F(abl2 fragments of the two different antibody types will be similarly 
thioether-linked to form Fc-devoid reagents that cannot bind complement which might otherwise 
cause neurotoxic effects. 

Non-targeted control hybrids have been formed by linking a nonspecific MOPC antibody to the 
anti-AJS antibody. This hybrid antibody will bind Aft, but, being non-reactive with transferrin 
receptors, should not cross the blood-brain barrier. 

Smaller bispecific hybrids (lOOkDa) have been formed by reducing the Intrinsic disulfides 
which link the heavy chains of F(ab')2 fragments (49). The thiols generated were stabilized and 
EUman's reagent (E) was used to activate these groups on one of the components (50). Exclusively 
bispecific Ftab02 hybrids were formed upon mixing the reduced Fab' with an activated Fab* having the 
alternate specificity. 

Fab' A -SH + Fab'e-SS-E -> Fab ' A -SS-F^b B + E-SH 

Purification on an S-200 column provided hybrids with one site for binding AS and one site for 
interaction with the target epitope on the brain capillary endothelial cells, 

A similar approach can be used to make even smaller disulfide linked single chain FY 
heterobispedfic (timers. Fv A -SS-Fv B (SOkDa), to cross the blood-brain barrier. Soluble Fvs have been 
constructed to possess a carboxyl-terminal cysteine to facilitate the disulfide exchange shown below 
and create SOkDa heterodimers exclusively. 

Fv A -SH + Fv B -SS-E -* Fv A -SS-FV B + E-SH 

In aide by side comparisons between whole anttbody and either Fab' or FY based bispecific 
reagents, the latter have proven to be moderately more effective on a molar basis for cell uptake via 
the transferrin receptor-mediated pathway* Since these smaller constructs are monovalent for the 
ccU-aurface epitope, those findings dispel the notion that cross-linking of two surface receptors is 
necessary for the cellular uptake of immunocomplexes. 
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c. Characterization of bispecific antibodies: After the synthesis, purification 

and size analysis of the antl-A3/anti- transferrin receptor bispecific antibody was completed, a series 
of functional assays were performed. Its ability to attach to transferrin receptor bearing human cells 
was confirmed by cytoflttorlmetry using an anti-mouse IgG probe (Fig. 16). The capacity of the hybrid 
reagent to bind 125 I-AS compared favorably with that of the parent anti-Afi antibody fTable III). 
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Table m 12 *I~A0 Binding to Bispecific Antibody 

llws I-A»i*40 Bound 



Control 
+ anti-A£ 

+ onti-A£ /an ti -receptor 



4.199 
23,301 
23,850 
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Fig. 16 Attachment of Bispecific Antibody to Receptor-Positive Cells 

To ensure that both of these binding activities resided on the bispecific antibody we treated 
transferrin receptor positive cells with the hybrid reagent, washed away unbound material and then 
exposed these cells to l2? ?I-A3i-40- The cells were washed and the amount of cell-bound radioactivity 
was compared to control cells which had been identically prepared except that pretreatment with 
bispecific antibody was omitted. 

Table IV Bispecific Antibody-Mediated Binding of l **l-Afi to Receptor-Positive Cella 

I2 *I-Afli-40 Bound 
Pretmtment of CcBs fcpm) 

None 2,367 
+ anti-Afl /anu-transferrin receptor 11.476 

The results (Table IV) verify the dual specificity of this bispecific antibody by clearly showing that it 
can simultaneously attach to the cell membrane and bind * 25 I-A$i -40» 

The vectorized bispecific antibody prepared for use in the transgenic mouse model of 
Alzheimer's disease la composed of a rat monoclonal antibody directed against the mouse transferrin 
receptor plus the 5A11 mouse anti-Aft monoclonal antibody. Both components were detected on the 
cell membrane by cytofluorimetry (Fig. 16) when this duplex was reacted with transferrin receptor 
poslUve mouse cells and probed using cither a rat IgO-specific or mouse IgG-speciflc fluorescent 
secondary antibody reagent (data not shown). 



d. Transcytoflls of bispecific antibody Into the brain: We coupled a rat monoclonal 
anti-mouse transferrin receptor antibody to a mouse monoclonal antibody so that the entry of this 
new vectorized bispecific construct into brain could be monitored. The bispecific antibody was labeled 
with l25 I and injected l.v. into normal mice. After different times the mice were sacrificed and the 
amount of * 25 I-bispeciflc antibody which crossed the blood-brain barrier and entered the brain was 
determined by a mouse capillary depletion method (25, 51). 
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The amount of vectorized bispecific antibody found 
in the brain parenchyma or brain capillaiy fractions was 
measured following differential density centrifugation of the 
brain homogenate. These values were plotted as a function 
of time after i.v> injection (Fig. 17) . The time-dependent 
redistribution of radiolabeled bispecific antibody from the 
■} capillaries and Into the parenchyma is consistent with Its 
passage across the cerebral endothelial blood-brain barrier 
(20). These preliminary experiments, which were performed 
in normal mice, will be repeated in plaque -bearing 
transgenic mice, when they reach 1-year of age. Greater 
accumulation In the parenchyma may result if the 
antibodies attach to A£ in the cerebral plaques. 

Tig. 1 7 Transcytosis of the Vectorized Bispecific Antibody into Drain 



e. Monitoring the brain distribution of bispecific antibody In live mice: An ability 
to follow the entry and accumulation of vectorized bispecific antibodies In the brain of Jive mice 
would assist in developing the intracerebral treatment of plaque-bearing mice. Time-course studies 
could be easily carried out and problems with iuter-iuuuse variability would be greatly reduced. W<s 
therefore have begun preliminary studies with l25 I-labeled bispecific antibodies, to determine if 
lmmunosdntigraphy is feasible in this system. As a first step, we administered either the radiolabeled 
vectorized bispecific antibody ( 125 I-R17/5All) or a non-vectorised control bispecific antibody to 
separate mice. Sequential brain Images were accumulated at 1, 6, 24 and 48 hours following Lv. 
administration of the 125 I-labeled bispecific antibody probes. This technique suffers because it is 
difficult to determine how much of Ihe signal Is due to the levels of blood-borne radioactivity 
circulating through the brain. However distinctions were noted in the brain of mice treated with the 
mouse transferrin receptor reactive bispecific antibody versus those receiving the control bispecific 
antibody (Fig. 18, color images provided m the Appendix). When the vectorized agent was used, brain 
levels increased between 1 and 6 hrs and then Reclined to a much lower level at 24 and 48hrs. Mice 
treated with the control displayed no Increase between 1 and 6 hrs. The reason for decreased brain 
levels at 24 hrs and beyond is not known but this might be due to dehaiogenation oi the bispecific 
antibody probes so that free 125 I is released and exits the brain. Alternative radioactive labels such as 
lu In (52) or 99m Tc (53) will be attached to the vectorized bispecific antibody if the use of iodine 
presents a technical problem. 



24 hr 48 hr 



Fig. 18 Dorsal Aspect Brain Images of Mice (Nose to Right) Treated vrith Vectorized (bottom) or 
Control (top) Bispecific Antibody; Darker Central Region in the Image Denotes Greater CPM 
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Further studies and additional controls will be run to determine the significance of the 
apparent differential distribution of these 125 I-labeled probes. For example we will co-inject a large 
excess of unlabeled vector antibody (anti-mouse TfR) with the l25 Habeled vectorized blspeciflc 
antibody in an attempt to block its receptor-mediated entry into the brain. This imaging technology 
will be useful for determining If smaller vectorized bispecific antibodies (eg> F(ab')2) with different 
physical properties and an altered blodistribution will penetrate into the brain more effectively- 
Importantly, the digtltal scintigraphy data shown above can be easily quantified using standards and 
the integration functions provided in the analysis software. For example, the central dark region in 
the brain image shown above corresponds to -1.5 x 10^ cpm. 



C.3 Disruption of Plaque Development in Transgenic Mice 



a. The Tg2576 transgenic mouse colony: Transgene-positive Tg2576 mice for breeding 
were generously provided by Dr. Karen Hsiao (44)* She provided us with the pertinent breeding 
information concerning these mice and has offered to answer questions if any problems arise. Our 
animal care technicians are well experienced in handling transgenic mice and have established a 
healthy colony. 

Dr. Hsiao recommended that we perform genotyping on the Tg2576 mice both before and after 
each experiment. The 3TJT of the hamster cusmid Pi P vector will be used as a hybridization probe (40) 
and we have received a sample of this region. Ear punch biopsy DNA has been prepared and PCR 
procedures have been carried out on every weaned mouse to identify mice bearing the transgene (45) 
(data not shown). We now routinely process and cut brain sections fur limnuiiueyLuchemical and 
thioflavln S detection of amyloid plaques in these mice (Fig. 19). AB in brain tissue will also be 
extracted and quantified by EUSA as previously described (45). 

We currently have a large number of young transgene positive mice which are available for 
use to perform this ongoing research^ Many one year-old experimental animals with pree6tablished 
amyloid plaques (Fig. 19) are also now ready for our proposed experimental studies on the cerebral 
delivery of anti-AB antibodies. 




Fig, 19 Low- and High-Power Micrograph of Thioflavin Stained Brain Plaques from Our Tg Positive Mice 
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May 13, 1999 



Ms. Pamela Torpey 
P.O. Box 981 
Douglas, MA 01516 

Re: BBRI-2004 

Immunological Control of Beta-Amyloid Levels In Vivo 

Dear Pamela: 

Enclosed please find a draft patent application, prepared by Dr. Shayne Huff, based 
on the above-referenced invention disclosure. The application is in near-final form, but we 
have requested characterization of antibodies produced against molecules which mimic the 
transition states of the beta-amyloid peptide. We are claiming such antibodies, we 
understand that such antibodies have been produced, and we feel that from an enablement 
standpoint, this support would be very helpful. If gathering this information is unduly 
burdensome at this time we can, of course, file without it. 

I have made a note to contact you next week regarding this case. We do not want to 
hold up the filing if the data referred to above will not be available in the very near term. 
Any comments from Dr. Raso can be incorporated in short order. 



Best regards, 




Kevin M. Farrell 



KMF:tlw 



cc: 



Victor Raso, Ph.D., w/enc. 
Shayne Y. Huff, Ph.D., w/o enc. 



BBRI\ARCH\2004.Ll 



Registrations: U.S. Patent and Trademark Office and Massachusetts Bar 
*Not Admitted to Any Bar 



FARRELL & ASSOCIATES, P.C 



18 York Street 
P.O. Box 999 
York Harbor, Maine 03911 



Boston Office 
50 Congress Street 
P.O. Box 2169 



Kevin M. Farrell 



Boston, Massachusetts 02106 

(617) 722-4044 
Facsimile (617) 722-9344 



(207) 363-0558 
Facsimile (207) 363-0528 



Shayne Y. Huff, Ph.D. 
Technical Specialist* 



Richard L. Sampson 
Of Counsel 



May 25, 1999 



Dr. Victor Raso, Ph.D. 

Boston Biomedical Research Institute 

20 Staniford St. 

Boston, MA 02114 

Re: BBRI-2004 

Immunological Control of Beta- Amyloid Levels In Vivo 

Dear Dr. Raso: 

Enclosed please find a draft patent application, for your review. This revision 
differs from the draft transmitted to you on May 13, 1999. Please review the draft for 
accuracy and completeness. Note that there are a few questions addressed to you within the 
body of the text. We will incorporate any revisions indicated and file the application in short 
order (within hours of receipt of your comments). 



Best regards, 




Shayne Huff 



cc: Ms. Pamela Torpey, w/enc. 
Kevin Farrell, Esqire, w/o enc. 
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IMMUNOLOGICAL CONTROL OF BETA-AMYLOID LEVELS IN VIVO 

Background of the Invention 

Alzheimer's disease is a progressive and ultimately fatal 
form of dementia that affects a substantial portion of the 
elderly population. Definitive diagnosis at autopsy relies on 
the presence of neuropathological brain lesions marked by a high 
density of senile plaques. These extracellular deposits are 
found in the neo- cortex, hippocampus and amygdala as well as in 
the walls of the meningeal and cerebral blood vessels. The 
principal component of these plaquejS^JLs a 3 9V43 residue j3-amyloid 
peptide. Each plaque contains^L*20 fmole (80 picograms) of this 4 
kDa peptide (Selkoe et al . , J. of Neurochemistry 46: 1820 
(1986) ) . Apolipoprotein E and neurofibrillary tangles formed by 
the microtubule-associated tau protein are also often associated 
with Alzheimer's disease. 

/?-amyloid is proteolytically cleaved from an integral 
membrane protein called the j3-amyloid precursor protein. The 
gene which codes for this protein in humans is found on 
chromosome 21 (St George-Hyslop et al . , Science 235: 885 (1987), 
Kang et al . , Nature 325: 733 (1987)). Numerous cultured cells 
and tissues (eg. brain, heart, spleen, kidney and muscle) express 
this /3-amyloid precursor protein and also secrete the 4 kDa /3- 
amyloid fragment into culture media, apparently as part of a 
normal processing pathway. 

While it is difficult to establish an absolute causal 
relationship between /3-amyloid or the plaques it forms and 
Alzheimer's disease, there is ample evidence to support the 
pathogenic role of /3-amyloid. For example, patients with Down's 
syndrome have an extra copy of the /3-amyloid precursor protein 
gene due to trisomy of chromosome 21 (St George-Hyslop et al . , 
Science 235: 885 (1987), Kang et al . , Nature 325: 733 (1987)). 
They correspondingly develop an early-onset Alzheimer's disease 
neuropathology at 30-40 years of age. Moreover, early-onset 
familial Alzheimer's disease can result from mutations in the ]S- 
amyloid precursor protein gene which fall within or adjacent to 
the jS-amyloid sequence (Hardy, J., Nature Genetics 1: 233 
(1992)). These observations are consistent with the notion that 



deposition of /3-amyloid as plaques in the brain are accelerated 
by an elevation in its extracellular concentration (Scheuner et 
al., Nature Med. 2: 864 (1996)). The finding that /3-amyloid is 
directly neurotoxic both in vitro and in vivo (Kow^ll et al . 



Proc. Natl. Acad. Sci. 88: 7247 (1991)), ^E£Tf^ r ftp p^^qj hi 1 i f-y 
that soluble aggregated /3-amyloid, not the plaques per se, may 
produce the pathology. 

Observations have indicated that amyloid plaque formation 
may proceed by a crystallization type mechanism (Jarrett et al . , 
Cell 73: 1055 (1993)). According to this model, the seed that 
initiates plaque nucleation is an /3-amyloid which is 42 or 43 
amino acids long (Agy-^) . The rate-determining nucleus formed by 
^1-43 or ^1-42 a H° ws peptides ^§1.40 or shorter to contribute to 
the rapid growth of an amyloid deposit. This nucleation 
phenomenon was demonstrated in vitro by the ability of to 
cause the instantaneous aggregation of a kinetically stable, 
supersaturated solution of A^^q. That finding has led to the 
possibility that ^1.40 might be relatively harmless in the 
absence of the nucleation peptides A^^ or ^J^l-43* Indeed, 
elevated levels of these long peptides have been found in the 
blood of patients with familial Alzheimer's disease (Scheuner et 
al . , Nature Med. 2: 864 (1996)). Moreover, A0\_42 or ^1-43 was 
found to be the predominant form deposited in the brain plaques 
of many Alzheimer's disease patients (Gravina et al . , J. of Biol. 
Chem. 270: 7013 (1995)). 

Given the central role played by /3-amyloid, it has become 
increasingly important to understand the interrelationship 
between the different pools of these molecules in the body. Free 
/3-amyloid present in the blood most likely arises from peptide 
released by proteolytic cleavage of /3-amyloid precursor protein 
present on cells in the peripheral tissues. Likewise most of the 
free /3-amyloid found in the brain and cerebrospinal fluid is 
probably derived from peptide released by secretase cleavage of 
/3-amyloid precursor protein expressed on brain cells. The 
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peptides are identical regardless of origin, and the results from 
several studies suggest an intercommunication between these 
pools . 

Brief Description of the Figures 

Figure 1 is an amino acid sequence listing (SEQ ID NO: 1 ) 
of the 43 residue /3-amyloid peptide (Aj8) . 

Figure 2 is an amino acid sequence listing (SEQ ID NO: 2 ) 
of the antigenic peptide made from the N-terminal sequence of §P -tiA**A*v/ 

Wl-16> ' 

Figure 3 is an amino acid sequence listing (SEQ ^) NC|^jp) of 
the antigenic peptide made from the central region of 

Figure 4 is an amino acid sequence listing (SEQ ID NO: 4) 
(Aj8 35 . 43 ) of the antigenic peptide made from the C-terminal 
sequence of ^8\(3-<^W\l 

Figure 5 is a diagrammatic representation of data from an 
ELISA comparing monoclonal antibody binding to A/? 35 _ 43 and AjS^^ 
versus A/?,.^. 

Figure 6 indicates the amide linkages in the peptide made 
from the ^S^^erminal sequence (SEQ ID NO: 4) that were 
independently replaced with a statyl moiety, to generate the 
different statine transition state analogs of the peptide. 

Figure 7 indicates the amide linkages in the peptide made 
from the ^jS^kattal sequence (SEQ ID NO: 3) that were 
independently replaced with a statyl moiety, to generate the 
different phenylalanine statine transition state analogs of the 
peptide. I 

^ Figure 8 is a structural comparison between the native *^^^J^ ' 

peptide and the transition state phenylalanine statine ^jS^p^ptide 
analog. 

Figure 9 is a structural comparison between the native^^^' nC ^J^^ 
peptide and the reduced peptide bond transition state ^T^p^ptide 

analog - x^r^Z^^^ *\. t ^Lf$s~~ c^^^r-^A 

Figure 10 is a^phosphonamidate transition state analog of Q&^jIihv j 



the C- terminal region of Tj^ y (Ap 35 _ 43 ) . 

Figure 11 indicates the putative transition state for 
peptide hydrolysis by zinc peptidases^^^the phosphonate and 
phosphonamidate mimics . * 

Figure 12 is a structural comparison of the native J^***^ 
^peptide and the transition state phosphonamidate &8'^p^ptide 
which has the peptide link between Gly 38 and Val 39 replaced 
with a phosphonamidate bond. 

Figure 13 is a diagrammatic representation of data from an 
ELISA which assess the binding of monoclonal antibodies^ generated 
to transition state ide analogs^ to the noxn^al A/?^^ and to 

the phenylalanine statine transition state A^^ptide . 

Figure 14 is a diagrammatic representation of data from an 
ELISA^omparing antibody binding to the statine transition state 
eptide versus native A0 V43 . oJ£ ^SL^i^^^ 

Figure 15 is a graph of data showing the cleavage o^T^ 1- 
AjS-sepharose by monocloij^l antibodies generated to transition 
state analogs of ^(HiP*^ 

Figure 16 is a diagrammatic representation of data which 
iTTdxcSfees-the attachment of bispecific antibody to receptor- 
positive cells. 

Figure 17 is a diagrammatic representation of data 
-jU»rH raH ng . the transcytosis of vectorized bispecific antibody 
into brain. 

Detailed Description of the Invention 

The present invention relates to immunologically based 
methods for controlling levels of /3-amyloid in the body of an 
animal. The invention is based on the finding that antibodies 
specific for /3-amyloid are able to bind j8-amyloid in the presence 
of a physiological level of human serum albumin. The invention 
is also based on the finding that an animal can tolerate the 
presence of antibodies specific for /3-amyloid in amounts 
sufficient to. sequester /3-amyloid in the bloodstream. 




-5- 



One aspect of the present invention related to a method for 
sequestering free jS-amyloid.in the bloodstream of an animal. The 
soluble and insoluble forms of jS-amyloid present within an animal 
are in dynamic equilibrium. Soluble j3-amyloid is thought to 
translocate between blood and cerebrospinal fluid. Insoluble j3- 
amyloid aggregates deposit from the soluble pool in the brain, as 
amyloid plaques. Results detailed in the Exemplification section 
below indicate that intravenous administration of antibodies 
specific for j8-amyloid to an animal impedes the passage of 
soluble jS-amyloid out of the peripheral circulation. This occurs 
because the j3-amyloid specific antibodies, which are restricted 
to the peripheral circulation, bind to j8-amyloid and sequester it 
in the circulation. Such sequestration is accomplished through 
intravenous administration of an appropriate amount of antibodies 
specific for /3-amyloid to the animal. The amount of antibody 
admiuibLer^d^sfSff icient to produce sequestration^^ depe^kent 
upon various factors (e.g. specific characteristics of the 
antibody to be delivered, the size, metabolism, and overall 
health of the animal) and afioul dfe 1^ determined on a case by case 
basis . 

Administered antibodies can be monoclonal antibodies, a . 
mixture of different monoclonal antibodies, polyclonal 
antibodies, or any combination therein. In one embodiment, the 
antibodies bind to the C- terminal region of /3-amyloid. Such 
antibodies specifically bind the less abundant, but more noxious 
A/^.^ species in the blood as opposed to the smaller and less 
detrimental Aj8 1-40 . In another embodiment, a combination of 
antibodies having specificity for various regions of /3-amyloid 
are administered. In another embodiment, antibodies which 
catalyze the hydrolysis of j3-amyloid, discussed in more detail 
below, are administered either alone or in combination with other 



amyloid . In one embodiement , the animal is a human . The human 
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may be a healthy individual, or alternatively, may be suffering 
from or at risk for a disease in which elevated /3-amyloid levels 
are thought to play a role, for example a neurodegenerative 
disease such as Alzheimer's disease. 

A related aspect of the present invention is a method for 
se^iestering free /3-amyloid in the bloodstream of an animal by 
^g-i' H+^-f ^ immim° r ^s nn .q^L^^ftV^^^mf^V^^ endogenous j8- 

amyloid.^^Th^results detailed in the Exemplification below 
indicate that an animal can tolerate the induction of an immune 
response which produces antibodies to endogenous /3-amyloid, and 
that the presence of such antibodies will alter the distribution 
of /3-amyloid in the body, in a similar manner as the above 
described method of administering /3-amyloid binding antibodies. 
The immune response to endogenous /3-amyloid is generated by 
immunizing the animal with one or more antigens comprised of 
epitopes present on^-^Lm^oi^ eiido g eiiau i9--tQ^h^a iiimal . . Epitopes 
present on the innoculated antigens can correspond to epitopes 
present on any region of the /3-amyloid molecule. In a preferred 
embodiment, epitopes found on the C- terminal region of /3-amyloid 
are used to generate antibodies which specifically bind the A/3^^ 
species as opposed to the smaller A^.^. In an alternate 
embodiment, a combination of ^^atopes af^S :=: S S^g^S^en^^^g^ 
5J2aJ^P OG ^ re administered to generate a variety of antibodies to 
/3-amyloid. A more generalized immune response is generated by 
immunizing either with a mixture of different small peptide 
antigens or with the full-length 43 residue /3-amyloid peptide. 
In another embodiment, antigens used for inoculation include 
transition state analogs of /3-amyloid peptides to induce 
antibodies which have catalytic activity directed towards /3- 
amyloid hydrolysis, described in detail below. 

The immunoreactivity of the antigens can be enhanced by a 
variety of methods, many of which involve coupling the antigen to 
an immunogenic carrier. In addition, various methods are known 
and available to one of skill in the art for specifically 
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enhancing the immunogenicity of endogenous molecules or^epitopes 
contained therein )* y «>dif icat ions can be made to the j3-amyloid 



antigen (s) described herein to render it more compatible for 
human use. For example, the peptide(s), can be genetically 
engineered into appropriate antigenic carriers, or DNA vaccines 
can be designed. 

The above techniques for sequesterii^^/^an^oi< t ^J|^ - V^-* 
circulation are also useful for reducing^ brain /3-afe^rfS^re^ls . 
Because the formation of amyloid plaques in the brain is 
dependent^ at least in part on the levels of free /3-amyloid 
present in the brain, reducing brain j3-amyloid levels of an 
animal will "reduce *the formation of amyloid plaques in the brain. 
Therefore, the above techniques are afl g aro useful for preventing 
the formation of amyloid plaques in the brain of an animal. This 
is especially . applicable to an animal which is considered at risk 
for the development of amyloid plaques; a risk which may result 
from a genetic predisposition or from environmental factors. 
Administration of antibodies, or immunization of the animal to 
produce endogenous antibodies, #ei? /3- amyloid can be of 
therapeutic benefit to such an animal (e.g. a human who has a 
family history of Alzheimer's disease, or who is diagnosed with 
the disease) . 

Another aspect of the present invention relates to 
antibodies which are characterized by the ability to catalyze the 
hydrolysis of /3-amyloid at a predetermined amide linkage. 
Experiments detailed in the Exemplification section demonstrate 
the generation of different antibodies which have proteolytic 
activity towards /3-amyloid. Such antibodies are generated by 
immunizing an animal with aifl ^-amylc rld— peptide antigen which is a 



imal with aifl -fl - amy 1 oi^r^^^±riB antigen which i 

mimics the 

state that jS-amyloid adopts during hydrolysis <2&^a ^>S-c\|^l 





an 



rans 

• cdctcrmino d amide linkage. Transition state analogs useful for 
generating the catalytic antibodies include, without limitation, 
statine, phenylalanine statine, phosphonate, phosphonamidate , and 
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reduced peptide bond transition state analogs. 

Antibodies generated to epitopes unique to the transition 
state preferentially bind /?-amyloid in the transition state. 
Binding of these antibodies stabilizes the transition state, 
which leads to hydrolysis of the correspondirdq amide bond. The 



particular amide li 
the desired cleav 
length j3-amyloid i- 
aggregate into amyl N 
methods disclosed he 
the transition state oj: 
include [VR: PL 




id is &fc6sen based upon 
Le, cleavage of full 
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be of therapeutic use in the 
/clonal antibodies which recognize 
:ic amide likages in /3-amyloid 
5K PROVIDE LIST OF AMIDE LINKAGES THAT 



THE MONOCLONAL ANTIBODIES RECOGNIZE.] 

At least two different classes of antibodies are generated 
by the above methods. The first class preferentially binds the 
transition state analog, and also detectably cross reacts with 
natural /3 -amyloid, using t.fee. ELISA aeLailedr--arn the Exem jol if icati pn 
tcr detect binding. The second class binds the 

cross react to 
!led in the 
, asses of 

poteflitidl^ vdlu§ as catalytic cfntibodies . The*>*5_ 

.tiof r^gfate 




Exemplification section, t o detect bindi ng.. Both cl< 
antibodies have potential value as catauytic antiboc 



binding affinitie s- cTf^an--nanti-tr>ai 



afi^ibody likely to reflect ,^j=^6 aeftrrvit ^ a ^ 
h ydxoly gi^. It is thought that ir\ order for an antibfody to 
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catlyzija^- hydrolysis on a protein, it must go^eas^at 
least a minimal ability to bind the\natural (non- transition) < ^^- 
state of the protein. Antibodies which retain significant 
binding for /?-amyloid, (th^t stror^fy^ cross react with natural 
amyloid) may be more efficient at catalyzing hydrolysis due to a 
higher efficiency of binding the j3-amy]\pid. Once bound, these 
antibodies force the protein into a transition state conformation 
for hydrolytic cleavage. Alternatively, Nantibodies which only 
minimally cross react with natural jS-amyload, although less 
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efficient at binding native jS-amyloid, are likely to be more 
efficient at forcing the bound /3-amyloid into the transition 
state conformation for hydrolytic cleavage. It should be pointed 
out that failure to detect binding of the anti- transition state 
antibodies to natural /3-amyloid by the ELISA methods presented in 
the Exemplification herein does not necessarily reflect an 
inability to bind natural /3-amyloid sufficiently to function as a 
catalytic antibody. More likely, a lack of detection merely 
reflects the sensitivity limitations of the assay. 
^giggF- Antibodies wgE?r substantial affinity for the predicted 

cleavage products of the native j3-amyloid peptide may be subject 
to product inhibition and might therefore exhibit low turnover . 
Such undesireable antibodies can be identified by secondary 
screening using peptides which contain epitopes of the predicted 
cleavage products (e.g. via ELISA). 
^) In a preferred embodiment, the antibodies are monoclonal. 

j^^^^-Thesfe eaj£5s>e produced by immunizing an animal (e.g. mouse, guinea 
fyX^*^ ° r rat ) w ith the transition state analog antigen, and ^toWy** 

producing hybridomas from the animal, by standard procedures. 
Hybridomas^producS^ the desired monoclonal antibodies are •\V JlA/s "- 
identified by screening. One example of a screening method is 
presented in the Exemplification section which follows. In 
another embodiment, the antibodies are polyclonal. Polyclonal 
antibodies are generated by immunizing an animal (e.g. a rabbit, 
chicken, or goat) with antigen and obtaining sera from the 
animal. Polyclonal antibodies jat±fefe the desired binding 
specificities can be further purified from the sera by one of 
skill in the art through the course of routine experimentation. 

Another aspect of the present invention is the use of 
statine and reduced peptide bond analogs to elicit catalytic 
antibodies having proteolytic activity. The Exemplification 
section below details methods for using statine analogs as 
antigen in the production of catalytic antibodies, and also lists 
examples of anti- trans it ion- ^ja^_antibodi^^ 

these methods. The "statyl" moiety is derived from naturally 



evolved protease transition state inhibitors like amastatin, 
pepstatin, and bestatin. These naturally-occurring statine-based 
inhibitors have been used to effectively block the activity of 
aminopeptidases , aspartic proteases and the HIV protease. 
Synthetic peptides containing a statine residue offer novel 
features for the induction of catalytic antibodies. The statyl 
moiety has a tetrahedral bond geometry, its length is extended by 
two CH 2 units, it has a strategically placed OH group and the 
structure has no charge. The presence of the additional CH 2 
units is expected to elicit a more elongated antibody combining 
site, and antibodies generated to this site will induce extra 
strain on the peptide substrate, producing an accellerated 
catalysis. In addition, the OH group in these statine analogs is 
thought to better approximate the position and chemistry of the 
true transition state. Statine-based transition-state analogs 
should therefore elicit a class of antibodies which is 
significantly different from those obtained from the more 
commonly used negatively charged phosphonate analogs. 

Reduced peptide bond analogs introduce a tetrahedryl 
configuration, without increasing the distance between amino acid 
residues. This feature should more closely approximate the true 
transition state geometry ^p^i^iVely aftarg^' secondary amine 
replaces the amide nitrogen of the natural polypeptide and should 
elicit a complementary negatively charged side chain at a 
proximal locus in the antibody combining si] llary 
glutamyl or aspartyl grm ^p^^^^b, aaa^h °^tibQky ^neai at ed 
catalysis of peptide cleavage via acid-base exchange. Reduced 
peptide bond-based transition-state analogs should therefore 
elicit a class of antibodies which is significantly different 
from those obtained from using the more commonly used negatively 
charged phosphonate analogs .^r^teduced- pep tide^ and 
•ctI&o statine analogs can be used to produc^Sr^is?tioA state 



analog antigens wfeich. fTmare**^ wij^j^ proteins o r— 3^ 

polypeptides. These antigens can in turn be used to generate the 
respective catalytic antibodies ^sz^=^r^^\J^ 
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Administration of the j8-amyloid catalytic antibodies 
described above finds use in the above described methods for 1) 
sequestering free /3-amyloid in the bloodstream of an animal, 2) 
reducing levels of /3-amyloid in the brain of an animal, and 3) 
preventing the formation of amyloid plaques in the brain of an 
animal. Experiments presented in the Exemplification demonstrate 
that immunization of an animal with a transition state analog 
results in the generation of an immune r^onse to produce 
antibodies which recognize the transition state, and which 
catalyze hydrolysis of the /3-amyloid protein. This indicates 
that^he transition state analogs can be used as antigens in these 
methods to induce the production of antibodies in the animal 
which recognize and catalyze cleavage of endogenous /3-amyloid. 

Methods which involve reducing overall levels of /3-amyloid 
in an animal through the proteolytic action of the above 
described catalytic antibodies are also encompassed by the 
present invention. The presence of functional catalytic 
antibodies in the circulation of an animal reduces the level of 
/3-amyloid in the circulation. Accordingly, the present invention 
provides a method for reducing levels of circulating /3-amyloid in 
an animal by introducing the above described catalytic antibodies 
into the animal . 

The present invention also provides a method for reducing 
levels of circulating /3-amyloid in an animal by immunizing the 
animal with a /3-amyloid transition state analog to induce 

antibody pro ^ uctio ^£^j2^^ of SUCl ?^h^^ 

described above ^^mYs tr a t 'ion 1 o ^"th^aht l^^iy^to" t he animal 
is preferably via intravenous administration . Such antibodies 
are either monoclonal, mixed monoclonal, polyclonal or affixture 
thereof. The origin of the antibody may affect the half -life of 
the antibody in the animal; antibodies from less related species 
are more likely to be recognized as foreign by the animal's 
immune system. Preferably, administered antibodies are derived 
from a species closely related to the animal, to maximize half- 
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life and minimize adverse reactions by the host. Administration 
of isolated variable region antibody fragments may produce 
beneficial results in this regard. 

The reduction of /3-amyloid levels in the circulation of an 
animal is expected to displace the equilibrium of /3-amyloid in 
the body, and lead to a reduction in the levels of /3-amyloid in 
the brain of the animal through mass action. In this respect, 
the present invention provides methods for reducing the levels of 
/3-amyloid in the brain of an animal joy either administering 
catalytic antibodies to the animalyor by administering a 
transition state analog to induce endogenous antibody production. 
It follows that these procedures also have value as methods for 
preventing the formation of amyloid plaques in the brain of an 
animal, since the resulting reduction in the levels of /3-amyloid 
in the brain of an animal should prevent the formation of amyloid 
plaques. These procedures also have value as methods for 
disaggregating amyloid plaques present in the brain of an animal, 
since evidence indicates that lower brain /3-amyloid levels can 
lead to the disaggregation of plaques. 

V&X of altering the distribution of /3-amyloid in the braii^by 

actually delivering anti -/3-amyloid antibodies to the brain. 
Methods described above for reducing levels of /3-amyloid in the 
brain and for preventing aggregation of amyloid plaques depend 
upon exchange between /3-amyloid pools in the circulation the 
cerebrospinal fluid, the exchange being driven by a disruption of 
the equilibrium between the pools. In contrast, delivery of 
anti-/3-amyloid antibodies to the brain will directly affect /3- 
amyloid aggregation. Evidence presented in the Exemplification 
section below indicates that the binding of certain anti-/3- 
amyloid antibodies inhibits the initial aggregation of /3-amyloid 
in vitro, and also disaggregates preformed in vitro /3-amyloid 
complexes. Moreover, if insoluble peptide is in equilibrium with 
a low level of soluble /3-amyloid, then an anti -/3-amyloid binding 



"^The present invention 3i»©=~ provides more direct metho 



-13- 

antibody could upset this balance and gradually dissolve the 
precipitate. These observations indicate that the presence of /J- 
amyloid antibodies in the brain will directly inhibit the 
formation of amyloid plaques and will also disaggregate preformed 
plaques by disrupting the dynamic equilibrium between soluble j3- 
amyloid and fibrillar /3-amyloid deposited as plaques. 
Furthermore, a highly active catalytic antibody is expected to 
destroy insoluble /3-amyloid plaques by hydrolytically cleaving 
the constituent aggregated peptides. 

One way of delivering antibodies to the brain is by 
producing vectorized antibodies competent for transcytosis across 
the blood-brain barrier. Vectorized antibodies are produced by 
covalently linking an antibody to an agent which promotes 
delivery from the circulation to a predetermined destination in 
the body. Examples of such vectorized antibodies can be found in 
the prior art .... [VR: PLEASE PROVIDE REFERENCES] One such 
agent is another antibody which is directed towards a cell 
surface component, such as a receptor, which is transported away 
from the cell surface. Examples of antibodies which confer the 
ability to trancytose the blood-brain barrier include, without 
limitation, anti-insulin receptor antibodies, and also anti- 
transferrin receptors (Saito et al . , Proc Natl Acad Sci USA 92: 
10227-31 (1995); Pardridge et al . , The Primate 12: 807-816 
(1995) ; [VR: PLEASE VERIFY THE ACCURACY OF THIS LAST REFERENCE AS 
IT WAS NOT >CLEAR IN THE MATERIALS PROVIDED] Broadwell et al . ,**Exp 
Neurol 142? 47-65 (1996)). This first antibody is covalently 
linked to an antibody which binds /3-amyloid . Alternatively, 
coupling the /3-amyloid antibodies to ligands which bind these 
receptors^ e.g. insulin, transferrin, or LDL [VR: PLEASE PROVIDE 
COMPLETE NAME OF LDL]^ will also produce a vectorized antibody 
competent for delivery to the brain from the circulation 
(Descamps et al . , Am. J. Physiol. 270: H1149-H1158 (1996); Duffy 
et al., Brain Res. 420: 32-38 (1987); Dehouck et al . , J. Cell 
Biol. 138: 877-889 (1997)). 

A vector moiety can be. chemically for genetically /attached to 



A' 



the anti-jS-amyloid antibody to facilitate its delivery into t 
central nervous system.c This vector component can be for 
example, an anti -transferrin receptor^r^^Lti- insulin receptor 
antibody "that binds t©' those- receptors* on, the brain capillary , 




endothelial cells (Bickel et al 




_ ^ tne Drain capillary ^ \f 
ProdNatl Acad Sci USA 90 ^JtrfCtr 
2618-22 (1993); Pardridge et al . , J Pharmacol Exp Ther 259: 66-70G^ 
(1991); Saito et al . Proc Natl Acad Sci USA 92: 10227-31(1995); 
Friden et al . , J. Phairm. Exper. Ther. 278: 1491-1498 (1996)) 
which make up the blood- br^in barrier. The ra&uitdtTI^ 
bifunctional ant ibodyV^aso et al . , J. Biol, Chem. 272: 27623- 
27628 (1997); Raso et/al . , J. Biol. Chem. 272: 27618-27622 
(1997); Raso, V. An4l . Biochem. 222:297-304 (1994); Raso et al . , 
Cancer Res 41: 2P / /3-2078 (1981); Raso et al . , Monoclonal 
antibodies as ydell targeted carriers of covalently and non- 
covalently attached toxins. In Receptor mediated targeting of 
drugs, vol/ 82. G. Gregoriadis, G. Post, J. Senior and A. Trouet, 
editors. ^ATO Advanced Studies Inst., New York. 119-138 (1984)) 
will att/ach tcv appropriate receptors on the luminal side of the 

bnce bound to the receptor, both components of the 
bispecif ic antibody aau> pass across the blood-brain barrier by 
the process of transcytosis . Anti-jS-amyloid antibodies which 
have entered the brain interact directly with both /3-amyloid 
plaques and the soluble jS-amyloid pool. It has^beenPrestimated 
that concentrations of macromolecules in the 1\*3^1(xZm range can 
be achieved in the brain using vector-mediated delivery via these 
brain capillary enriched protein target sites (Maness et al . , 
Life Sciences 55: 1643-1650 (1994); Lerner et al . , Science 252: 
659-667 (1991) ) . ^Importantly , the vector appears safe since 
animals dosed daily for two .weeks with an anti -transferrin 
receptor antibody sfr^tfga no loss of integrity of the blood-brain 
barrier^using a radioactive sucrose probe (Broadwell et al . , Exp 
Neurol 142: 47-65' (1996) ) . 

The Exemplification details the production of vectorized 
bispecif ic antibodies which bind /3-amyloid. The bispecif ic 
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antibodies transcytose across the blood brain barrier via a first 
specificity which binds the transferrin receptor. Use of 
antibodies which bind the transferrin receptor for delivery of 
agents across the blood brain barrier is described by Friden et 
al. in U.S. Patents No. 5,182,107; No. 5,154,924; No. 5,833,988; 
and No. 5,527,527; the contents of which are incorporated herein 
by reference. 

Results from experiments presented in the Exemplification 
section which follows indicate that the produced bispecific 
antibodies retain their separate specificities and are delivered 
across the blood-brain barrier into the brain parenchyma and 
brain capillaries of a live animal when administered 
intravenously. 

Alternal^Seafe, methods for the production of bispecific 
antibodies have been described for genetically engineering 
bispecific reagents or for producing them intracellularly by 
fusing the two different hybridoma clones' [VR: PLEASE PROVIDE 
REFERENCES FOR THESE METHODS] . Vectorized bispecific antibodies 
produced by these techniques can also be used in the methods of 
the present invention. 

^jjjJBeCrmts^ the introduction of whole antibodies into the brain 
might be detrimental if they were to fix complement andDranjt^ n**^****^ 
complement -mediated lysis of neuronal cells^^mall^ ^^torized 
F(ab') 2 bispecific reagents . ca^r-^e^p rSHubo d^. It has been shown 
that aggregated /3-amyloid itself can fix complement in the 
absence of any antibody and that the resulting inflammation may 
contribute to the pathology of Alzheimer's disease. The 
possibility of intracerebral antibody having a similar effect 
^Vju Id-fee- greatly reduced by eliminating the Fc region of the 
antibody. Moreover, since coupling of Fab' halves uses the 
intrinsic hinge region cysteines, no extraneous substituent 
linkage groups need t?^ be added. Faster or more efficient entry 
into the brain represents another potential advantage that 
smaller F(ab / )2 or Fv 2 reagents may provide for intracerebral 
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delivery. In addition, the two types of vectorized molecules may 
have different biodistribution and plasma half-life /^\ 
characteristics (Spiegelberg et al . , J. Exp. Med. 121: 323 ( ^ } 

(1965)). ^ 

Depending on their design, ar^i-^^^loid^bispecif ic / ^JlU 
antibodies TSTrfe^atod in the brain'-ean f uft&t torT jffi throo - drft^ent r^^M^ 
w^^*^^reduce soluble 0-amyloid and /3-amyloid deposits'T^ 
anti-jS-amyloid bispecific antibody that tightly binds soluble j3- 
amyloid will not only sequester the peptide but, due to efflux of 
vectorized molecules from the central nervous system (Kang et 
al., J. Pharm. ^^T^r. 269: 344-350 (1994) ) , - puLeiiLidlly can yl ** X 1 °T»C 
carry the boundlgifT>ut of the brain and release it into the blood 
stream?^ 0 ^^ clearance mechanism would lead to a continuous 
cycling of /3-amyloid out of the brain. ^ oJ^C^j^W^' 

To be effective the anti-jS-amyloid sites of a bispecific 7 
antibody must be empty before passage out of the blood and into 
the brain. Therefore the concentration of bispecific antibody in 
animals must exceed the level of j8-amyloid circulating in the 
blood. Calculations performed based upon known jS-amyliod levels 
(Scheuner et al . , Nature Med. 2: 864-870 (1996)) and a medium- 
range plasma level of bispecific antibody expected in a treated 
animal indicated 99.9% of the bispecific antibodies that enter 
the brain will have unoccupied anti^Jp comJDining sites. 

Another way of delivering antibodies to the brain is via 
direct infusion of anti-/3-amyloid antibodies into the brain of an 
animal. This technique gives these antibodies immediate access 
to j3- amyloid in the brain without having to cross the blood-brain 
barrier. Direct infusion can be accomplished via direct 
parenchymal or intracerebroventricular infusion (Knopf et al . , J 
Immunol. 161: 692-701 (1998)). Briefly, the animal is 
anesthetized and placed in a stereotaxic frame. A midsaggital 
incision is made on the scalp to expose the skull and the 
underlying fascia is scraped away. A hole is drilled to accept a 
sterilized length of stainless steel hypodermic tubing, which is 
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stereotaxically advanced so that its tip is appropriately located 
in the brain. A guide cannula is then attached to the skull and 
sealed. The cannula remains in place for multiple infusions of 
antibody into the brain. A bolus of a sterile 50 mg/ml solution 
of a monoclonal ant i-j3- amyloid can be infused over a 2-8 minute 
period into an immobilized animal via an injection cannula. 

Delivery of catalytic antibodies into the brain of an animal 
via one of the above described methods, can also be used to 
disaggregate amyloid plaques present in the brain. The advantage 
of delivering an j8-amyloid-specif ic catalytic antibody into the 
brain is two- fold. The j3-amyloid peptide is permanently 
destroyed by such antibodies and, since catalysis is continuous, 
each antibody inactivates many target /3-amyloid molecules in the 
brain. Thus much less vectorized bispecific antibody has to be 
delivered into the central nervous system to achieve the desired 
depletion of /3-amyloid. 

The amount of antibody to be administered or delivered to 
the animal should be sufficient to cause a significant reduction 
in /3-amyloid levels in the brain of the animal. The appropriate 
amount will depend upon various parameters (e.g. the particular 
antibody used, the size and metabolism of the animal, and the 
levels of endogenous /3-amyloid) and should b e determined on a 
case by case basis. Such determination is ^iJthin the means of 
one in the art through t h e cours e is£ routine 

experimentation. 

It is expected that additional benefits with respect to 
lowering brain /3-amyloid levels and preventing or disaggregating 
amyloid plaques can be achieved through utilizing a combination 
of one or more of the above described approaches. 
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Exemplif ication 
PARSE* 1: RETENTION OF jS-AMYLOID IN THE CIRCULATION 

Synthesis of jS-Amyloid Peptide Antigens 

The amino acid sequence of the 4 3 residue jS-amyloid peptide 
(AjS) is listed in Figure 1. To determine which sites on this A/? 
peptide were best suited for antibody-mediated therapy, three key 
regions (amino-terminal , central and carboxy- terminal) of the AjS 
43-mer were chosen to generate epitope-specif ic vaccines. These 
shortened peptides served as antigenic epitopes to induce a 
highly specific antibody response. 

Monoclonal antibodies to the amino-terminal region of AjS 
have been showin.*^o^?iav^ the ability to solubilize A/3 aggregates 
(Solomon et al . , Proc . Natl. Acad. Sci . USA 94(8): 4109 
(1997) ) (Solomon et al . , Proc. Natl. Acad. Sci. USA 94(8): 4109 
(1997); Solomon et al . , Proc. Natl. Acad. Sci. USA 93(1): 452 
(1996) ) ^^[p^^e^^ns^^ing of the ^m^o- terminal region of AjS 
was similarly designedWshbwr? in Fig^2 and listed in SEQ ID NOT 
2) and used to elicit amino-terminal specific antibodies that 
bind AjS. A Cys residue was added to the C- terminus of the AjS 
sequence to provide a suitable linkage group for coupling this 
peptide to an antigenic carrier protein such as maleimide- 
activated Keyhole Limpet Hemocyanin (KLH) . 

A peptide encompassing the central region of A/3 was ®L&fy4 
synthesized (shown in Figjtw^e* 3 and listed in SEQ ID NO: 3) . A 
Cys residue was placed at the N-terminus of the AjS sequence to 
provide a sulfhydryl linkage group for coupling the peptide to 
antigenicj^maleimide-activ^t ed^Y arrier protein£_such_a^KLH . 

To produce an antigen for eliciting an immune response 
directed against the carboxy- terminus of AjS (Suzuki et al . , 
Science 264:1336(1994)), a decapeptide encompassing the N- 
terminal region of AjS, with an additional Cys residue at the N- 
terminus^ was synthesized (Shown in Fig. 4, and listed in SEQ ID 
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NO: 4) . The Cys substitution was designed to provide a 
sulfhydryl linkage group for coupling the peptide to antigenic/j 
ii^p ii Imjjli 1 ■ utoH 'mjjjl carrier proteins such as KLH . 

Coupling the peptides to an antigenic carrier protein 

The different Cys containing A/3 peptides were individually 
thioether-linked to maleimide-activated KLH. A multivalent A/3 
vaccine was also produced by simultaneously linking all three of 
these peptides to maleimide-activated KLH. In addition the full- 
length A/3 43-mer was linked to KLH using glutaraldehyde . 

Antibodies Elicited with the j8-Amyloid Vaccines 

Normal BALB/c mice were immunized by standard procedures 
with the KLH- linked A/3 vaccines described above. The mice were 
either bled or sacrificed for removal of the spleen for hybridoma 
production. Sera and monoclonal antibodies obtained were 
characterized for binding to A|5. 

Table 1 shows the results from an ELISA run with 1/100 
diluted serum from two non-immunized control mice versus 1/100 
and 1/1000 diluted serum from a mouse that was immunized with a 
central region A/3 peptide-KLH vaccine. The free A/3 peptide was 
adsorbed directly onto the microtitre plate to avoid detection qf 

-<£Les 
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Table 1 ELISA for Binding to the Central 




ntral Regioi A^^^^ 



Antibody Bound 
Addition (Q»D. 450nm) 

Control Serum A 1/100 0.666 

Control Serum B 1/100 0.527 

Mouse 1 antiserum 1/100 3.465 



-20- 

Mouse 1 antiserum 1/1000 2.764 

A binding assay was performed to determine whether the*anti- 
A/3 antibodies identified - by ttTo^above-a o cay c also bound to the 
full length A/? peptides. 125 I-A/?j_43 probe was incubated with 
hybridoma secretions from the indicated clones. A standard 
polyethylene glycol separation method was used to detect 125 I-Aj8j. 
43 bound antibody (Table 2). Results presented in Table 2 
indicate that the antibodies generated to the peptide fragments 
al so bound full length A/^.^j. 

Table 2 ^I-A/S,.^ Binding Assay 

125 I-AjS 1 . 43 Bound 

Addition (cpm) 




Control Hy 
Control Hy 



6E2 
6E2 

3B1 
3B1 

8E3 
8E3 



1/10 



1/10 



1/10 



3, 171 
2, 903 

15, 938 
9, 379 

12, 078 
3,353 

10, 789 
3,249 





It was recently reported that when 125 I-Aj8j_^ is added to 
human plasma, -89% binds to albumin (Biere et /al . , Journal of 
Biological Chemistry 271 (51) : 32916 (1996)) . / Binding assays ™ ere \Ajjrfc' 
performed in the presence and absence of serum albumin, to 
determine whether albumin binding w ould- int erf erej with antibody 
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binding to A/3. The ability of purified 5A11 monoclonal anti-A/3 
antibody to bind 125 I-A/3j_4q was unaffected by the presence of 
human serum albumin (HSA) at 60 mg/ml, even though this was a 
500-fold molar excess over the antibody concentration (Table 3) . 
These results indicate that the ability of antibodies to bind to 
and sequester A/3 in the blood will not be attenuated by, the 
presence of other binding proteins. 

Table 3. ^I-AjS^^ Binding to Antibody in the Presence of Human 
Serum Albumin* 

125 I-Aj3 1 . 40 Bound Specifically Bound 

Addition (cpm) (% of total added) 

Control 8,560 

+ 5A11 anti-A/3 64,589 79 

Control + HSA* 3,102 

+ 5A11 anti-A/3 + HSA* 55,304 75 



*HSA at 60 mg/ml (-1 mM) ; anti-A/3 5A11 at 2xl0" 6 M; Added -70,000 

Monoclonal Antibody Production A (P^ ^ 

A mouse was iiflfnunizlS with a-KLH conjugate of\ the^central 
region phenylalanine statine*traYisition sta te/ mimic - pf the 
central region £fi\0-25 peptide. A hybridoma fusion was performed 
and the resulting monoclonal antibodies analyzed to characterize 
the specificity of the immune response to the vaccine. Hybridoma 
supernatants produced in the fusion were screened using ELISA to 
assess their binding to the peptide. 

The monoclonal antibodies produced were determined to bind 
to the A/3^43 P e Ptide adsorbed directly onto an ELISA plate. 
Strong color reactions were obtained in this ELISA using only 10 
fil of hybridoma supernatant while the addition of media alone 
produced low background color. These results indicate that the 
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antibodies not only bound to the small peptide immunogen but they 
were also reactive with the full-length AjSj,^. Importantly, 
antibodies bound to the carrier- free A/3 peptide adsorbed directly 
onto microtitre plates, showing their specificity for the peptide 
rather than the immunogenic carrier. The high affinity 5A11 
monoclonal antibody (Table 3) was obtained from this hybridoma 
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A second mouse was immunized with a KLH conjugate of the 
Aj8 3 5_43 analog encompassing the C- terminal region of A/3. Serum 
from the mouse was screened for reaction with AjSj^ adsorbed 
directly onto the ELISA wells. The assay results are presented 
in Table 4 . The spleen of this mouse was then used for a 
hybridoma fusion to further characterize the specificity of its 
immune response. Importantly, none of the mice immunized with A/3 
vaccines or the anti-AjS ascites-producing mice displayed ill 
effects even though some of those induced antibodies cross -react 
with mouse A/3 and mouse amyloid precursor protein. 

Table 4 ELISA for Binding of Antiserum Directed to the Carboxy- 
terminal A/? Peptide 



Addition 



Antibody Bound (O.D< 
Native Aff ^ ^ 3 



450niti) 



Control Serum 
Mouse Antiserum 



0 .484 
1.765 



Monoclonal antibodies from hybridoma clones generated above' 
were screened for binding to the small carboxy- terminal peptide 
A ^35-43 anc * t * ie full-length A/3j_ 4 3. Results are presented in 
Figure 5. The monoclonal antibodies bound to the carboxy- 
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terminal locus on each of these carrier- free A/3 peptides adsorbed 
directly to the microtitre plate, confirming their specificity 
for the peptide rather than the immunogenic carrier. The clones 
were also tested with Aj8 1 _ 40 to identify antibodies which do not 
react with this shortened, 40 amino acid residue version of A/3 
and thus will specifically bind to the carboxy- terminus of A/3^43 
(Fig. 5). Used therapeutically, this vaccine should elicit 
antibodies which will preferentially bind the less abundant but 
more noxious AjSj^ species in the blood ^as opposed to the smaller 
and less detrimental A/S^q. 

Antibodies Affect the Distribution of 125 I-A/3 in Normal Mice 
Anti-A/3 antibodies in the circulation cannot cross the 
blood-brain barrier to a significant extent and therefore should 
act as a sink that prevents 125 I-A)3 1 _4o from reaching the brain. 
This retention effect was demonstrated by measuring the blood 
levels in mice 4 h after injecting them with equal amounts of 
125 I-AjSj_4Q either alone or along with our 5A11 anti-A/3 monoclonal 
antibody (Table 5). The passage of 125 I-Aj8 l _ 40 out of the 
peripheral circulation was greatly curtailed in animals which 
concomitantly received the specific anti-A/3 antibody. That 
finding extends the in vitro results with the 5A11 antibody 
(Table 3) by demonstrating that it can alsq effectively bind A/3 
in an experimental animal. Thertaet that treatfaefft with this 
ant ibod^^^ain^^l 0 - 1 ime s more 125 I-AjS 1 _4Q in the circulation 
indicates that the equilibrium distribution of A/3 in the body can 
be dramatically altered by selective sequestration in the 

blood. 

Table 5 Anti-A/J Antibody Impedes the Passage of ^I-AjS,^ Out of 
the Circulation 



I-AjS^^ in Blood 



Mouse Injected With^ (cpm/gm) 

125 I-Aj8 1 . 40 alone 27,300 
l25 I-A/3 1-40 + 5A11 anti-AjS 278,900 



Materials and Methods 

Peptide synthesis . The 40mer AjS^^, the 43mer Aj8 1-43/ and the 
three small AjS peptides A/^.^, AjS 10 _ 25 , and Aj3 35 _ 43 , were synthesized 
by standard automated Fmoc chemistry. Newly synthesized peptides 
were purified by HPLC and their composition was verified by mass 
spectral and amino acid analysis. The AjS 43 me r was obtained from 
a commercial source (Bachem, Torrance, CA) . 

Conjugation of ff-amyloid peptides to immunogenic carriers . The 
small A/3 peptides were linked to the KLH carrier protein in order 
to render them antigenic. A Cys residue was strategically placed 
at the N- or C-terminal end of these AjS peptides to provide a 
suitable linkage group for coupling them via a thioether bond to 
maleimide activated carrier proteins. This linkage is stable and 
attaches the peptide in a defined orientation. Addition of -20 
peptides/KLH is typically obtained by this conjugation method. 
The longer, full length AjS peptides were linked to carrier 
proteins using a glutaraldehyde coupling procedure. 

/ The-out lined n^l^hed^ar^-atK.ef f ective^and expedient wary of 
producing experimental vaccines for use in anxmals. 

Immunization of Mice . Normal BALB/c mice were immunized by 
standard procedures with the KLH-linked AjS vaccines described 
above. Briefly, mice were injected i.p. with antigen emulsified 
in complete Freunds adjuvant, followed by a second course in 
incomplete Freunds adjuvant. The mice were i.v. boosted with 
antigen in PBS three days prior to bleeding them or removing the 
spleen for hybridoma fusions to produce monoclonal antibodies. 



None of the mice immunized with A)3 vaccines or the anti-AjS 
ascites-producing mice displayed ill^effects even though some of 
th«*e ■ induced antibodies cross-react with mouse A/3 and mouse, 
amyloid precursor protein. 

ELISA . The presence of bound ant i -peptide antibodies was 
revealed by using a peroxidase- labeled anti -mouse IgG probe 
followed by the chromogenic substrate (Engvall et al . , 
H^Immunochemistry A 871-875 (1971). 

Binding Assay . Both AjSj^ and AjS^o were radiolabeled with 125 I . 
The iodinated peptide was separated from unlabeled material by 
HPLC to give essentially quantitative specific activity (-2000 
Ci/mmol) (Maggio et al . , Proc. Natl. Acatf\Sci. 89:5462 (1992)). 
125 I-A/? 1 _43 probe was incubated for lh at \23°y with Hy media taken 
from hybridoma clones producing monoclonal anti-A/3 antibodies. A 
standard polyethylene glycol separation method was used to detect 
the amount of 125 1 -AjSj^ bound to antibody. 



■PftRT II: ELICITING MONOCLONAL ANTIBODIES WITH TRANSITION STATE 
ANTIGENS 



Transition state peptide antigens 

Different types of transition state peptide antigens were 
synthesized to use in the generation of antibodies which 
preferentially recognize (hydrolysis) transition states of A|3 at 
a predetermined amide linkage position. 

A series of statine (Sta) transition state analogs 
encompassing the carboxy-terminal region of A/3 (Cys-Met-Val-Gly- 
Gly-Val/Sta-Val/Sta-Ile/Sta-Ala-Thr) were synthesized. 
Replacement of the proposed scissile peptide linkage between 
Val 3 9 and Val 40 ftj^, Val 40 and Ile 4i and Ile 41 and Ala42jj& 

with a "statyl" moiety ( -CHOH-CH 2 -CO-NH- ) was designed to elicit 
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catalytic antibodies that hydrolytically cleave AjS at one of 
these sites (Figure 6) . A Cys residue was placed at the N- 
terminal position of these peptides to provide a suitable linkage 
group for coupling to a maleimide-activated carrier protein. 

A series of phenylalanine statine (PhSta) transition state 
analogs encompassing the central region of A/3 (Cys-Tyr-Glu-Val- 
His-His-Gln-Lys-Leu-Val-Phe/PhSta-Phe/PhSta-Ala-Glu-Asp-Val-Gly- 
amide) was synthesized in this laboratory (Fig. 7) . 

Replacement of the proposed scissile peptide linkage between 
Phe 19 and Phe 2 (yt^£- ancl*¥he^ and Ala 21 ^} with a statyl moiety (- 
CHOH-CH 2 -CO-NH-) was designed to elicit catalytic antibodies that, 
hydrolytically cleave AjS at these sites (Figure 7) . A Cys 
residue was placed at the C- terminus of these peptides to provide 
a sulfhydryl linkage group for coupling the peptides to 
antigenic, maleimide-activated carrier proteins such as KLH*. 

A structural comparison (Fig. 8) was made between the native 
AjS peptide and the transition state phenylalanine statine AjS 
peptide using a graphics workstation. An energy minimization 
algorithm (2000 iterations) was applied to arrange each peptide 
in its most favorable conformation. 

The peptide link -CO-NH- between Phe 19 and Phe 20 was replaced 
with an elongated "statyl" moiety -CHOH-CH2- CO-NH- and an energy 
minimization was applied. This orientation shows the difference 
between the planar peptide link -CO-NH- of natural AjS (left) 
versus the extended, tetrahedral "statyl" moiety -CHOH-CH 2 -CO-NH- 
in the transition state peptide (right) . 

An antibody combining site complementary to a tetrahedral 
statine transition state analog will force the planar peptide 
bond of the AjS substrate into a transition state-like 
conformation. Such distortion should catalyze the cleavage of AjS 
at that locus in the peptide sequence. 

A reduced peptide bond linkage can be easily placed at 
almost any site in the AjS molecule to produce a re<iuced peptide 
bond transition state analog. This analog can alsqbe used to 
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elicit catalytic antibodies that will hydrolytically cleave A/3 at 
the chosen site. The fTggt reduced peptide bond transition state 
A/3 analog made was the (Gln-Lys-Leu-Val-Phe-CH 2 -NH2 + -Phe-Ala-Glu- 
Asp-Val-Gly-Cys-amide) central region peptide; [calculated 1,342 
(M+l) ; observed 1,344] . 

A structural comparison (Fig. 9) was made between the native 
A/3 peptide and the reduced peptide bond transition state A/3 
analog using a graphics workstatiop/jV/An energy minimization 
algorithm (2000 iterations) was appjl^.ed to arrange each peptide 
in_lta_most favorable conformation! 
C^___J^The peptide 1 ink^ Co - NH - be tween-Eher^ and Phe 2 o was replaced 
with a reduced peptide bond -CH2"NH2 + - and an energy minimization 
was appliedv^^he orientation shown indicates the difference 
between the planar peptide link -CO-NH- of natural A/3 (left) 
versus the corresponding tetrahedral moiety -CH2-NH 2 + -: in the 
reduced peptide bond transition state analog (right) .1/ 

A phosphonamidate transition state analog of the carboxy- 
term inal re gion r>f Aft ha^b^en fiyilthgsi^ed^ Fig . 10) ^"^ > 

eplacement of the proposed scissile peptide linkage between 
Gly3g and Va^cj "t^L with a phosphonamid ate moiety (-P0 2 ~-NH-) was 
designed to elicit catalytic antibodies that will hydrolytically 
cleave A/3 at this site. The N-acetyl-Cys residue was placed at 
the position of Leu3 4 to provide a suitable linkage group for 
coupling this peptide to an antigenic carrier protein. The 
structures in Fig. 11 represent the putative transition state for 
peptide hydrolysis by zinc peptidases y «T tne phosphon ate and 
phos phonamidat e mimics. Similar tetrahedral transition state 
intermediates are known to be formed by reaction with each of the 
four classes of proteolytic enzymes, the serine-, cysteine-, 
aspartic- and metallo-peptidases . 

Th^synthesis ofL^ phosphonate Aj8 transition state analog 



peptide (\ 
imide) wd 



;yl-Cys: 



Jt-vW 



nediates described for thu 



-Gl^ 



>0 2 "V0-Val-Va 



follow! a similar scheme anelwill use some 



Ile-Ala- 
of the /Same 



trrsltion state 
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analyOg . 

A structural comparison was made between the native A/3 
peptide and the transition state phosphonamidate A/3 peptide (Fig. 
12) using a graphics workstation. The peptide link -CO-NH- 
between Gly 38 and Val 3 g was replaced with a phosphonamidate bond - 
P0 2 "-NH- and an energy minimization was applied. The orientation 
shown in Fig. 12 illustrates the difference between the planar 
peptide link -CO-NH- of native A/3 (left) versus the (corresponding 
tetrahedral phosphonamidate bond -P0 2 "-NH- in the t#ans>t?ion 
state peptide (right) 

An antibody combining site complementary to\the tetrahedral 



transition state analog on the right of| 
normally planar bond of the A/3 substrat 
a transition state- like conformation, 
expected to catalyze the hydr/5\^tic c 
the Gly3g-Val3<} linkage. 



ImmunizatjLon— waJ^h transit io 
Peptide antigens^ were 
o r to immuni zat ion ok mice 1 
Standard protocols wegce us 





w\ll /force the 

e left, into 
tort^on was 
A/3 peptide at 



peptide antigens 

the immunogenic carrier KLH 



Freunds ^adjuvant , followed by 
Freunds adjuvant. Thi/ee 



days/ 



immunize the Tg2 576 
transgenic mice and BALB/c hice with the KLH-linked Aj8 peptides 
described in the preceding sections. Briefly this procedure used 
i.p. injection of the different antigens emulsified in complete 

a second course in incomplete 
prior to hybridoma fusion, the 
BALB/c micekwere boosted i.y. with antigen in PBS. 

A hybriooma fusion was performed using the spleen of a mouse 
immunized withNfrhe phenylalanine statine transition state A/3 -KLH 
antigen (Fig. imnd also the statine (Sta) transition state 
analogs encompassirig^the carboxy- terminal region of A/3 (Fig. 6) 
(Cys-Met-Val-Gly-Gly-Val/Sta-Val/Sta-Ile/Sta-Ala-Thr) [SH: THESE 
WERE NOT THE ONLY TRANSITION STATE ANTIGENS USED TO GENERATE 
HYBRIDOMAS /MONOCLONAL ANTIBODIES. VR IS MAKING A TABLE CATALOGING 
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THE DIFFERENT TS ANALOGS, SITES MODIFIED AND MABS GENERATED] 

Demonstration of A/3 bindiiiQ by generated antibodies 

It was very important to demonstrate that the ant i -A/3 and 
anti- transition state AjS monoclonal antibodies bound to the 
natural &P\-42 peptide which they were designed to sequester or 
cleave. To do this, A/3 and A/3 ^43 were radiolabeled with 125 I 
and the iodinated peptide^^Lh^n separated from unlabeled material 
by HPLC. Probe was incubated with either purified anti -A/3 
antibodies or media taken from hybridoma clones producing anti-A/3 
antibodies. The amount of 125 I-A/3j_4 3 bound to antibody was 
determined using a polyethylene glycol separation method. ^Results o^V^ 
are presented in Table 6. C^A^v^^ 

The data in Table 6 demonstrate the ability of the purified 
5A11 monoclonal anti-A/3 antibody to bind a high percent of 125 I- 
A ^l-40' This binding assay was used to screen clones and purified 
antibodies (Table 6) for their ability to bind A/3 (S2^*J . 
Similar procedures can also serve as the basis for a competitive 
displacement assay to measure the relative binding strength of 
different unlabeled A/3 peptides Q^$xth very efficient catalytic 
antibodies this binding assay may have to be performed on ice to 
ensure that no cleavage of Afi occurs during the lh incubation 
time^) The assay ~ wil - l al^^Kthe rap i d^|i dent if ola£iog --o#- clones 
rct^^tl produc^high affinity anti-A/3 antibodies. 

Table 6 ^I-Aft^ Binding to a Purified Monoclonal Anti-AjS Antibody * 

^I-Aft^ Bound Specifically Bound 
Addition (cpm) (% of total added) 

Control 8,560 

+ 5A11 anti-A/3 64,589 79 
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* anti-A/3 5A11 at 2xl0" 6 M; Added -70,000 cpm of I25 I-AjS M0 



Monoclonal antibodies from ^a^sfrAhybridom^ SHP^n^^rtTS 
obtained using the phenylalanine statine transition state A/3-KLH 
antigen were screened <fcae^a^[ ELISA to assess their binding to both 
the normal A/3 1 _43 peptide and to the phenylalanine statine 
transition state A/3 peptide. Two major patterns were found (Fig. 
13). 

One group of antibodies (the left portion of Fig. 13) bound 
to the immunizing transition state peptide and cross-reacted 
strongly with the native Aj5j_4 3 pept ide^ whon -each was adsorbed 
directly onto the ELISA plate). 'Q^second group (the right 
portion) showed a high binding preference for the phenylalanine 
statine transition state A/3 peptide and reacted minimally with 
native AjS^. 

Strong color reactions were obtained in this ELISA using 

only 10 /il of hybridoma supernatant while Hy media alone or PBS 

gave a low background (Fig. 13) . These results demonstrate that 

the comparative ELISA screen, although only a^semd^quant itative 

measure of binding, provides a means for ohees±fig m&rQclonal 

antibodies that are highly selective for, and most reactive with, 

. . QNittAvx^ch ujad uJtf*^ 

the transition state. Importantly, fe&e-nfe&iboddb es 1 LJa nd-tiy ~irfie* 

carrier- free A/3 pep tide s adsorbed directly onto microtitre 

plates, sKowincf^ for tSasg peptide^ vo4^^■*^rt*^ ^^k^X^a-iX-*. 

These findings indicate that several of the generated anti- 
A/3 transition state antibodies were unique. They bound to both 
the phenylalanine statine- and normal -A/3 peptides. Their 
selective recognition of the transition state and weaker cross- 
reaction with native AjSj^ however ^indicates that this binding 
interaction is very different from that shown by conventional 
ant i -native A/3 antibodies. It further indicates that these new 
antibodies may be able to force the native A/3 peptide into a 
conformation resembling the transition state for hydrolytic 
cleavage. Importantly, some of the antibodies which showed only 



minimal binding to AjSj^ in this ELISA, did display cross- 
reactivity with the natural peptide using a highly sensitive 125 I- 
A/3j_43 binding assay (Table 6) . 

ELISAs were also performed to investigate the binding of 
anti-statine analog antibodies to both the normal A/3 1 _4 3 peptide 
and to the statine transition state A/3 peptide (Fig. 14) . The 
antibodies bound to the C- terminal locus on these carrier- free A/3 
peptides^adsorbed directly to the microtitre plate^) confirming 
their anti-peptide specificity. Most of the antibodies 
preferentially recognized the statine A/3 transition state but 
cross-reacted with native A^j^. This indicates that these new 
antibodies are able to force the native A/3 peptide into a 
conformation resembling the transition state for hydrolytic 
cleavage of its C-terminal amino acids. Such cleavage is 
predicted to convert A/3j_ 43 into potentially less harmful shorter 
peptides, like A/3 or A/3^39. 

Clone 11E9 had the strongest preference for the statine 
analog and may be the most likely to have catalytic activity 
(Fig. 14) . Several clones displayed no difference in their 
reactivity with the native versus statine transition state Aft 
peptide. The clones were also tested with A/3j_ 40 to identify 
antibodies which do not react with this shortened, 40 amino acid 
version of A/3 (Fig. 14) . Used therapeutically, such antibodies 
should preferentially bind/cleave the less abundant but more 
noxious A/3j_43 species in the bloody as opposed to the smaller and 
less detrimental A/3j_4q. 

Solid phase and TLC A/3 proteolytic assays 

A solid phase 125 I -labeled A/3 assay was developed to screen 
anti-transition state antibody hybridoma supernatants for 
specific proteolytic activity. The peptide Cys-His-Gln-Lys-Leu- 
Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr-amide (SEQ ID NO: 5) which 
encompasses amino acids 14-25 of A/3 was radiolabeled and coupled 



to a thiol-reactive, iodoacetyl-Sepharose gel to form an 
irreversible linkage. The product was contacted with anti- 
transition state antibody and assayed for the progressive release 
of soluble 125 I -peptide from the solid phase matrix. Release of 
radioactivity from the 125 I-A/?-Sepharose was used to identify 
catalytic activity (Fig. 15) . The assay was verified by the 
ability of several different proteases to rapidly hydrolyze this 
Sepharose- linked A/3 substrate. The peptide was readily 
accessible to proteolytic cleavage as revealed by a release of 
soluble 125 I -peptide that increased with incubation time. 

The results presented in Figure 15 indicate that the 
antibody-containing media of several clones released 125 I -peptide 
at a greater rate than other clones from this fusion or the PBS 
and Hy medium controls. Large amounts of these antibodies can be 
obtained, purified and tested at higher concentrations to achieve 
much faster rates of cleavage and to verify that the antibodies 
are acting in a catalytic mode using conventional enzyme 
kinetics. By changing the composition of the 125 I -peptide this 
same strategy can be used to assay antibodies reactive with 
different regions of A/3. 

A thin layer chromatography-based autoradiography assay was 
devised to obtain more definitive evidence for antibody-mediated 
cleavage of A/3. Selected anti-phenylalanine statine A/3 
transition state clones were expanded and ascites production 
induced. The different monoclonal antibodies were isolated using 
protein A-Sepharose. Two 125 I-labeled peptides^ T ^grA/3 1 _4Q and a 17- 
mer, encompassing amino acids 9-25 of Aj8, were used to test for 
peptide cleavage. The antibodies were added to the 
peptides, allowed to incubate and the reaction mix spotted onto 
polyamide thin layer sheets which were then developed in 
different solvents. The migration of -products was followed 
by exposing the sheet using a quantitative phosphoimager system' 
Quantitation of the different I xt^gd" labeled peptide fragments 
produced indicated that addition of the antibodies to the A/3 
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peptides lead to significant break, down of the A/3 peptides 
compared to the untreated peptides (PBS) . 

Disaggregation of ff-amyloid by monoclonal antibodies V** 7 ^ 

The self -aggregation of synthetic A/3 peptides uead^^to 
microscopic structures resembling amyloid plaques in the brain 

(Solomon et al . , Proc . Natl. Acad. Sci . USA 94: 4109-12 (1997); 
Solomon et al., Proc. Natl. Acad. Sci. USA 93: 452-5 (1996)) 
which exhibit the same bright green fluorescence upon exposure to 
thioflavin T. These aggregates are very stable and usually 
require harsh detergents or strong acids to dissolve. However, 
it has been demonstrated that the binding of certain ant i -A/3 
monoclonal antibodies can effectively inhibit the initial 
aggregation of this peptide and also disaggregate preformed A/3 
complexes (Solomon et al . , Proc. Natl. Acad. Sci. USA 94: 4109-12 

(1997); Solomon et al . , Proc. Natl. Acad. Sci. USA 93: 452-5 

(1996)). 

A radioactive assay was. used to quickly screen the different 
monoclonal antibodies preawa^d eor* an ability* to dissolve 
preformed A/3 aggregates^ made with 125 I -labeled and unlabeled 
soluble A/3 peptide. An aliquot of the labeled aggregate was 
incubated with either PBS, the 5A11 anti-A/3 antibody, or an equal 
amount of an irrelevant mouse antibody (7D3, anti-human 

transferrin receptor)^ and the level of released radioactivity was Su^V**^ 
measured (Table 7) . Thg^JLact that ^he A/3-specific 5A11 antibody 
solubilized 80% of the A/3 aggregates while an equal amount of the 
control antibody had only a minor ef feet ^suggest^ that the 
equilibrium was displaced by antibody-mediated binding of soluble 
. A/3. 

Table 7 Solubilization of 125 I- Ajff^ Aggregate by Monoclonal Anti-A/3 Antibody 



Addition 



I-AjS la40 ui Ppt. Amount Solubilized 
(cpm) (% of PBS Control) 



3,420 

676 80 
2,458 27 

Production of Vectorized Ant i -A/3 /Ant i- Receptor Bispecific 
Antibodies 

Anti-A/3 antibodies were linked to anti- transferrin receptor 
antibodies (anti-TfR) which served as vectors for delivery of the 
anti-A/3 antibodies into the brain. The 7D3 mouse monoclonal 
antibody was used as the anti-TfR part of the construct. 7D3 is 
specific for the human receptor and selectively immunostains 
cortical capillaries in normal human brain tissue (Recht et al . , 
J Neurosurg 72: 941-945 (1990)). Antibody attachment to the 
receptor is not blocked by an excess of human transferrin. The 
epitope recognized by this antibody is therefore distant from the 
receptor- ligand binding site. Bispecific antibodies constructed 
with this 7D3 antibody and an anti -A/? antibody are predicted to 
be useful for therapy in patients with Alzheimer's disease. 




For studies in the transgenic mouse model of Alzheimer's 
disease an anti -mouse transferrin receptor monoclonal antibody 
produced in the rat was obtained. This antibody also appears to 
recognize a transferrin receptor epitope which does not involve 
ligand binding. The antibody therefore has no effect on cell 
proliferation when tioctacd using murine lines. 

A series of functional assays were performed after 
completion of the synthesis, purification and size analysis of 
the anti-A/3/anti-transf errin receptor bispecific antibodies. 
The vectorized bispecific antibody, composed of a rat monoclonal 
antibody directed against the mouse transferrin receptor plus the 
5A11 mouse anti -A/? monoclonal antibody, was tested for the 
ability to attach to transferrin receptor bearing human cells. 



PBS control 
+ 5A11 anti-A/3 
+ 7D3 anti-TfR 



-35- 

Both components of the bispecific antibody were detected on the 
cell membrane by cytof luorimetry (Fig. 16) when this duplex was 
reacted with transferrin receptor positive mouse cells and probed 
using either a rat IgG-specific or mouse IgG-specific fluorescent 
secondary antibody reagent. 

The capacity of the hybrid reagent to bind 125 I-Aj8 compared 
favorably with that of the parent anti-A/3 antibody (Table 8) . 



Table 8 



125 



I- A/3 Binding to Bispecific Antibody 



125 



Addition 



I-AjS^Bound 
(cpm) 



Control 
+ anti-AjS 

+ anti-A/3/anti-receptor 



4,199 

23,301 

22,850 



To ensure that both of these binding activities resided on 
the .bispecific antibody, transferrin receptor positive cells were 
treated with the hybrid reagent, unbound material was washed 
away, and then the cells with bound antibody was exposed to 125 I- 
Aj3j_40. After washing away unbound AjS, the cell-bound 
radioactivity was compared to control cells which had been 
identically prepared except for omission of pretreatment with 
bispecific antibody. The results are presented in Table 9, and 
verify the dual specificity of this bispecific antibody by 
clearly showing that it can simultaneously attach to the cell 
membrane and bind 125 I-Aj3j_40. 



Table 9 Bispecific Antibody-Mediated Binding of 125 I-AjSto Receptor-Positive Cells 

Pretreatment of Cells m I-A8 x Bound (cpm) 

None 2,367 
+ anti-AjS/anti-transferrin receptor 11,476 



Transcvtosis of bispecific antibody into the brain 

A rat monoclonal anti -mouse transferrin receptor antibody 
was coupled to a mouse mdnoclonal antibody ^obtained from 
American Type Culture Collection (ATCC TIB 219) , also designated 
R17 217.1.3 (Cell. Immunol. 83: 14-25 (1984))) so that the entry 
of this new vectorized bispecific construct into brain could be 
monitored. The bispecific antibody was labeled with 125 I and 
injected i.v. into normal mice. After different lengths of time 
the mice were sacrificed and the amount of 125 I -bispecific 
antibody that crossed the blood-brain barrier and entered the 
brain was gauged by a mouse capillary depletion method (Friden et 
al . , J. Pharm. Exper. Ther. 278:1491-1498 (1996); Triguero et 
al., J. Neurochem. 54: 1882-1888 (1990)). 

The amount of vectorized bispecific antibody found in the 
brain parenchyma or brain capillary fractions was measured 
following differential density centrif ugation of the brain 
homogenate. These values were plotted .as a function of time 
after i.v. injection (Fig. 17) . The time -dependent 
redistribution of radiolabeled bispecific antibody from the 
capillaries and into the parenchyma was consistent with its 
passage across the cerebral endothelial blood-brain barrier 
(Joachim et al . , Nature 341: 6239:226-30 (1989)). Even greater 
accumulation in the parenchyma is expected to occur if the 
antibodies attach to A/3 in the cerebral plaques of plaque-bearing 
mice . 
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Monitoring the brain distribution of bispecific antibody in live 
mice 

The ability to follow the entry and accumulation of 
vectorized bispecific antibodies in the brain of live mice would 
greatly assist in the development of the intracerebral treatment 
of plaque-bearing mice. Such a development would enable time- 
course studies and would greatly reduce problems with inter-mouse 
variability. Preliminary studies with 125 I-labeled bispecific 
antibodies were performed to determine if immunoscintigraphy was 
feasible in this system. As a first step, either the 
radiolabeled vectorized bispecific antibody ( 125 I-R17/5A11) or a 
non-vectorized control bispecific antibody were 



accumulated at 1, 6, 24 and 48 hours following i.v. 
administration of the 125 I- labeled bispecific antibody probes. 
Although this technique suffered from a difficulty in determining 



radioactivity circulating through the brain, significant 
distinctions were noted in the brain of mice treated with the 
mouse transferrin receptor reactive bispecific antibody versus 
those receiving the control bispecific antibody. When the 
vectorized agent was used, brain levels increased between 1 and 6 
hrs and then declined to a much lower level at 24 and 48 hrs . 
Mice treated with the control displayed no increase between 1 and 
6 hrs. The reason for decreased brain levels at 24 hrs and 
beyond is not known but might be due to dehalogenation of ^the 
bispecific antibody probes so that free 125 I is released rwhrcfr 
e:xjfjLS«J:hei baeaxiTT Alternative methods utilizing radioactive 
labels such as 111 In (Sheldon et al . , Nucl. Med. Biol. 18:519-526 
(1991)) or^Tc (Texic et al . , Nucl . Med. Biol. 22:451-457 
(.1995) ) attached to the vectorized bispecific antibody can be 
utilized in future experiments if the use of iodine presents a 
technical problem. This imaging technology will be useful for 
determining if smaller vectorized bispecific antibodies (eg. 
F(ab')2) with different physical properties and an altered 




Sequential brain images were 



how much of the signal was due to the levels of blood-borne 
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biodistribution will penetrate into the brain more effectively. 



F ( ab ' ) 2 heterodimers for vector-mediated transport into the brain 
The introduction of whole antibodies into the brain might be 
detrimental if they were to fix complement and promote 
complement -mediated lysis of neuronal cells. The development of 
smaller vectorized F (ab' ) 2 bispecif ic reagents is expected to 
avoid this problem. It has been shown that aggregated Aj3 itself 
can fix complement in the absence of any antibody and that the 
resulting inflammation may contribute to the pathology of 
Alzheimer's disease. The possibility of intracerebral antibody 
having a similar effect would be greatly reduced by eliminating 
the Fc region of the antibody. Moreover, since coupling of Fab' 
halves uses the intrinsic hinge region cysteines, no extraneous 
substituent linkage groups need~>{^ be added. 

Faster or more efficient entry into the brain represents 
another potential advantage that smaller F(ab / )2 or Fv 2 reagents 
provide for intracerebral delivery. Such modified bispecif ic 
agents can be prepared and compared & xhh full-sized hybrid 
antibodies for the^e relative effectiveness in reaching the 
brain, crossing the blood-brain barrier^ and affecting A/3 plaque 
development, by the methods described herein. It is important to 
note however that only minor differences were found when the 
capacity of differently-sized anti -transferrin receptor 
bispecific reagents for delivering toxins into cells by receptor- 
mediated endocytosis was compared (Raso et al . , J. Biol. Chem. 
272: 27623-27628 (1997)). This observation might indicate that 
little variation will be seen for transcytosis across the brain 
capillary endothelial cells which form the blood-brain barrier. 
At the very least however one would expect the two types of 
vectorized molecules to have different biodistribution and plasma 
half -life characteristics (Spiegelberg et al . , J. Exp. Med. 121: 
323 (1965) ) . 
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Materials and Methods 

Antigen synthesis . The statine and phenylalanine statine 
transition state peptides were synthesized using automated Fmoc 
chemistry. Fmoc-statine (Sta) , [N-Fmoc- (3S, 4S) -4-amino-3- 
hydroxy- 6 -methyl heptanoic acid] and Fmoc- "phenylalanine statine" 
(PhSta) , [N-Fmoc- (38,4s) -4-amino-3-hydroxy-5-phenylpentanoic 
acid] were purchased commercially. Each peptide was tested for 
purity by HPLC and its composition was verified by mass spectral 
and amino acid analysis. The design strategy and methods for 
synthesizing phosphonamidate- and phosphonate-based transition 
state peptides are straightforward (Bartlett et al . , Am. Chem. 
Society 22:4618-4624 (1983); Bartlett et al . , Biochemistry 
26:8553-8561 (1987)). The N-terminal portion of the peptide (N- 
acetyl-Cys-Met-Val-Gly) was made using standard automated Fmoc 
chemistry. After cleavage from the resin the N-acetyl 
tetrapeptide was treated with pyridine disulfide to protect its 
sulfhydryl group. An acid chloride of Cbz -glycine phosphonate 
monomethyl ester (Bartlett et al . , Am. Chem. Society 22:4618-4624 
(1983); Bartlett et al . , Biochemistry 26 : 8553-8561 (1987)) was 
coupled with Val-Val-Ile-Ala-amide which was synthesized by 
automated Fmoc chemistry. The last amino acid of A/3, Thr, was 
omitted due to potential problems with its unprotected hydroxyl 
group. The product, Cbz-Gly-P0 2 "-NH-Val-Val-Ile-Ala-amide has a 
phosphonamidate (methyl ester) bond between the Gly and Val 
residues. Next, the Cbz blocking group was removed using 
hydrogen so that the protected N-acetyl-Cys-Met-Val-Gly peptide 
could be added to the amino terminal end of this transition state 
peptide by HBTU- activated peptide linkage. Treatment with 
mercaptoethanol and rabbit liver esterase was used to deblock the 
peptide. Each key component in the synthetic scheme was tested 
for purity by HPLC and its composition was verified by mass 



was placed at the indicated sites in the A/3 molecule. Automated 
Fmoc chemistry was used to begin synthesis of the peptide. A 



spectral and amino 




bond linkage 
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pre-synthesized Fmoc amino aldehyde was then added manually and 
after the imide was reduced, automated synthesis was resumed 
(Meyer et al . , J. Med. Chem. 38:3462-3468 (1995)). 

Coupling of antigen to carrier . The native and transition state 
A/3 peptides were coupled to maleimide-activated KLH by standard 
procedures (Partis et al . , J. Pro. Chem 2: 263-277 (1983), in 
order to elicit an immune response. A Cys residue was 
strategically placed at the N- or C- terminal, end of the peptides 
to provide a suitable linkage group for coupling them via a 
thioether bond to maleimide activated carrier proteins. This 
stable linkage attaches the peptide in a defined orientation. 
Addition of -20 peptides/KLH has been obtained based upon the 
transition state amino acid content as determined by amino acid 
analysis of the hydrolyzed conjugates (Tsao et al . , Anal. 
Biochem. 197: 137-142 (1991)). 

Immunization of mice . Standard protocols were used to immunize 
the Tg2576 transgenic mice and BALB/c mice with the KLH-linked AjS 
peptides described in the preceding sections. Briefly this 
procedure used i.p. injection of the different antigens 
emulsified in complete Freunds adjuvant, followed by a second 
course in incomplete Freunds adjuvant. Three days prior to the 
hybridoma fusion, the BALB/c mice were boosted i.v. with antigen 
in PBS. 

A/3 antigens will be emulsified in complete Freunds adjuvant 
and injected, i.p. into BALB/c mice. After -1. month animals were 
given a boost i.p. using the antigen emulsified with incomplete 
adjuvant. Serum from" these animals was analyzed for anti-peptide 
antibodies by ELISA. BALB/c mice showing abundant antibody 
production were boosted by an i.v. injection with antigen and 
three days later they were used to generate hybridoma clones that 
secrete monoclonal antibodies. 

None of the mice immunized with AjS vaccines or the ant i -AjS 
ascites-producing mice displayed ill effects even though some of 
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those induced antibodies cross -react with mouse A/3 and mouse 
amyloid precursor protein. 

Hvbridoma production I . A hybridoma fusion was performed using 
the spleen of a mouse immunized with the phenylalanine statine 
transition state A/3-KLH antigen. Spleen cells from mice with the 
highest titre were fused with mouse myeloma NS-1 cells to 
establish hybridomas according to standard procedures (Kohler et 
al., Nature 256 :495 (1975); R. H. Kennett, Fusion Protocols. 
Monoclonal Antibodies, eds . R.H. Kennett, T.J. McKearn and K.B. 
Bechtol . Plenum Press, New York. 365-367 pp. (1980)). 

—I -Aj8 binding assay . ^1-40 and ^1-43 were radiolabeled with 125 I 
and the iodinated peptide then separated from unlabeled material 
by HPLC to give quantitative specific activity (-2000 Ci/mmol) 
(Maggio et al . , Proc. Natl. Acad. Sci . 89:5462-5466 (1992)). 
This probe was incubated for Ih at 23°C with either purified 
anti-AjS antibodies or media taken from hybridoma clones producing^, 
anti-Aj8 antibodies. A polyethylene glycol separation method was 
used to detect the amount of 125 I-Aj3j^3 bound to antibody. By 
using serial dilution, this assay can provide relative binding 
affinities for the different hybridoma supernatants or purified 
antibodies . 

Solid phase A8 proteolytic assay . A solid phase 125 I-labeled A/3 
assay was developed to screen anti-transition state antibody 
hybridoma supernatants for specific proteolytic activity. The 
Cys -His -Gin- Lys - Leu- Val -Phe-Phe -Ala-Glu- Asp- Val-Gly-Tyr- amide 
peptide (SEQ I D: NO .encompassing amino acids 14-25 of A(3 was 
radiolabeled with 125 I and the iodinated peptide was then 
separated from unlabeled material by HPLC. The highly 
radioactive Aj8 peptide was coupled to a thiol -reactive , 
iodoacetyl-Sepharose gel to form an irreversible linkage. 
Antibodies were added to the labeled A/?, which was then assayed 



for progressive release of soluble 125 I -peptide from the solid 
phase matrix at pH 7, 25 °C. This assay was verified by the 
ability of several different proteases in to rapidly hydrolyze 
this Sepharose- linked A/3 substrate. Release of soluble 125 I- 
peptide increased with incubation time. 

Although A/3 is cleaved by several naturally occurring 
proteases, preliminary tests indicated that interference from 
high levels of background hydrolysis was not a problem when 
assaying hybridoma supernatants of clones that did produce 
catalytic antibodies. A further precaution that can be taken 
against exogenous proteases is carrying out all hybridoma cell 
fusions and cell culturing in serum- free media. 

TLC A/3 proteolytic assay . A thin layer chromatography-based 
autoradiography assay was used to obtain more definitive evidence 
for antibody-mediated cleavage of A/3. Selected anti- 
phenylalanine statine A/3 transition state clones were expanded 
and ascites production induced. The different monoclonal 
antibodies were isolated using protein A-Sepharose. The cleavage 
assay used 125 I-Aj8 1 .4q and an 125 I-labeled 17-mer, encompassing amino 
acids 9-25 of A/3. Bir^ding of the two 125 I-labeled peptides to the 
purified monoclonal antibodies 5A11 and 6E2 was examined using 
either a PEG precipitation assay or by a co-electrophoresis 
method. Peptide cleavage was tested by adding the antibodies to 
the -peptides, incubating and then spotting the reaction mix 
onto polyamide thin layer sheets. The chromatographs were 
developed in different solvents (eg. 0.5 N HC1, 0.5 N NaOH or pH 
7 phosphate buffer) and the migration of 125 I -products was 
followed by exposing the sheet using a quantitative phosphoimager 
system. 

Screen and isolate select anti-A/3 antibodies . An ELISA was used 
to initially screen for anti-A/3 and anti- transition state A/3 
peptide monoclonal antibodies. Both the transition state peptide 
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and the corresponding natural A/3 peptide were adsorbed onto 
separate microtitre plates. The hybridoma supernatants were 
screened using two assays so that the relative binding to, both 
native and transition state A/3 peptides could be quantitated. 
Clones producing monoclonal antibodies that preferentially 
recognized the transition state or bound A/3 with high affinity . 
were selected for expansion and further study. 

Propagation and purification of monoclonal antibodies . Selected 
clones producing anti~A/3 antibodies and clones producing anti- 
receptor antibodies were injected into separate pristane-primed 
mice. Ascites were collected and the specific monoclonal 
antibodies isolated. Purification of antibodies from ascites was 
accomplished using a Protein A column or alternatively, 
antibodies were isolated from ascites fluid by (NJ^^SC^ 
precipitation and passage over an S-300 column to obtain the 150 
kDa immunoglobulin fraction. Monovalent Fab fragments were 
prepared and isolated by established methods. Their purity was 
evaluated by SDS-PAGE under reducing and non-reducing conditions. 
50-100 mg of purified monoclonal antibody was routinely obtained 
from each ascites-bearing mouse. 

Further characterization of catalytic activity on Aff substrates . 
To fully define the hydrolytic properties of the isolated anti- 
transition state antibodies some very important controls can be 
run. First the ability to completely block catalytic antibody 
activity with the appropriate transition state peptide can be 
verified. This non-cleavable 11 inhibitor 11 should bind much more 
tightly to the antibody combining sites and thereby prevent 
substrate binding or cleavage. Substrate specificity can be 
further established by showing no cleavage of a sham AjS peptide 
having a different amino acid sequence. The products of 
hydrolysis can also be fully characterized by HPLC, amino acid 
and mass spectral analysis. Control antibodies that are not 
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directed against the transition state A/3 can be tested and 
confirmed to produce no catalysis. Finally, catalytic activity 
can be shown to reside in the purified Fab fragments of the anti- 
transition state antibody. 

Purified anti-A/3 antibodies dissolve preformed A/3 aggregates . 
(Walker et al . , Soc. Neurosci. Abstr. 21:257 (1995), Zlokovic, 
B.V. Life Sciences 59: 1483-1497 (1996)). A/3 precipitates were 
formed and measured in vitro (Yankner et al . , Science 250: 279- 
282 (1990), Kowall et al . , Proc. Natl. Acad. Sci . 88: 7247-7251 
(1991)). A radioactive assay was used to quickly screen the 
different monoclonal antibodies produced for an ability to 
dissolve preformed A/3 aggregates. After adding 125 I-A/3to 
unlabeled soluble peptide, aggregates were formed by bringing the 
solution to pH 5 or by stirring it overnight in PBS. An aliquot 
of the labeled aggregate was incubated for 1 hr with either PBS, 
the 5A11 ant i -A/3 antibody or an equal amount of an irrelevant 
mouse antibody (7D3, anti -human transferrin receptor) . After 
centrifugation, the level of radioactivity in the precipitate was 
measured. 

Generation of vectorized anti -A/3/anti -receptor bispecific 
antibodies . The anti -AjS antibodies were chemically coupled to 
anti -human transferrin receptor and anti -mouse transferrin 
receptor antibodies by different methods (Raso et al . , J. Biol. 
Chem. 272: 27623-27628 (1997); Raso et al.., Monoclonal antibodies 
as cell targeted carriers of covalently and non-covalently 
attached toxins. In Receptor mediated targeting of drugs, vol. 
82. G. Gregoriadis, G. Post, J. Senior and A. Trouet, editors. 
NATO Advanced Studies Inst., New York. 119-138 (1984)) . A rapid 
thioether linkage technique was used to form strictly bispecific 
hybrids using Traut's reagent and the heterobif unctional SMBP 
reagent. One component was sparingly substituted with thiol 
groups (SH) . These readily reacted to form a thioether linkage 



upon mixture with the maleitnido-substituted (M) second component 
following the reaction: 

Ab A -SH + Ab B -M Ab A -S-Ab B 

Gel filtration of the reaction mixture on an S-300 column 
yielded the purified dimer which was 300 kDa and had two sites 
for binding Aj8 plus two sites for attachment to transferrin 
receptors on brain capillary endothelial cells. Non-targeted 
contirol hybrids were formed by linking a nonspecific MOPC 
antibody to the anti-A/3 antibody. This hybrid antibody does bind 
A/?, but, being non-reactive with transferrin receptors, should 
not cross the blood-brain barrier. 

F(ab')2 fragments of the two different antibody types can 
similarly. be thioether-linked to form Fc-devoid reagents that 
cannot bind complement which might otherwise cause neurotoxic 
effects. These smaller bispecific hybrids (100 kDa) can be 
formed by reducing the intrinsic disulfides which link the heavy 
chains of F(ab') 2 fragments (Raso et al . , J\ Immunol. 125:2610- 
2616 (1980)). The thiols generated are stabilized and Ellman's 
reagent (E) is used to activate these groups on one of the 
components (Brennan et al . , Science 229: 81-83 (1985)). 
Exclusively bispecific F(ab') 2 hybrids can be formed upon mixing 
the reduced Fab' with an activated Fab' having the alternate 
specificity according to the reaction: 

Fab' A -SH + Fab'g-SS-E -> Fab' A -SS-Fab' B + E-SH 

Purification on an S-200 column will isolate hybrids with 
one site for binding A/? and one site for interaction with the 
target epitope on the brain capillary endothelial cells. 

A similar approach can be used to make even smaller 
disulf ide-linked single chain Fv heterobispecif ic dimers, Fv A -SS- 
Fv (50 kDa) , to cross the blood-brain barrier. Soluble Fvs can 
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be constructed to possess a carboxyl- terminal cysteine to 
facilitate the disulfide exchange shown in the reaction below, 
and create 50 kDa heterodimers exclusively: 

Fv A -SH + Fv B -SS-E -> Fv A -SS-Fv B + E-SH 

In side by side comparisons between whole antibody and 
either Fab' or Fv based bispecific reagents, the latter have 
proven to be moderately more effective on a molar basis for cell 
uptake via the transferrin receptor-mediated pathway (Raso et 
al., J. Biol. Chem. 272: 27623-27628 (1997)). Since these 
smaller constructs are monovalent for the cell-surface epitope, 
those findings dispel the notion that cross-linking of two 
surface receptors is necessary for the cellular uptake of 
immuno complexes . 

Functional assays for dual binding activity of bispecific 
antibodies . The capacity of the hybrid reagent to bind 125 I-A/3 
was compared with that of the parent anti-Aj8 antibody in a 
standard PEG binding assay (see Table 8 for binding assays) . 

The ability of the appropriate bispecific antibodies to 
attach to transferrin receptor bearing human or mouse cells was 
confirmed by cytof luorimetry . The bispecific antibody was 
reacted with transferrin receptor positive human or mouse cells 
and probed using either a rat IgG-specific or mouse IgG-specific 
fluorescent secondary antibody reagent. 

Measurement of AS binding using 125 I-Aff and a polyethylene glycol 
separation . To ensure bispecif icity , hybrid reagents were tested 
for a capacity to mediate the attachment of 125 I-A/3 to receptor- 
bearing cells. Transferrin receptor positive cells were treated 
with the hybrid reagent, washed away unbound material and then 
exposed these cells to 125 I-AjS l _ 40 . The cells were washed and the 
amount of cell -bound radioactivity was compared to control cells 
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which had been identically prepared except that pretreatment with 
bispecific antibody was omitted. 

Capillary depletion . The bispecific antibody was labeled with 
125 I and injected i.v. into normal mice. After different lengths 
of time the mice were sacrificed and the amount of 125 I -bispecific 
antibody that crossed the blood-brain barrier and entered the 
brain was gauged by a mouse capillary depletion method (Friden et 
al., J ♦ Pharm. Exper. Ther. 278:1491-1498 (1996); Triguero et 
al., J . Neurochem. 54: 1882-1888 (1990)), The amount of 
vectorized bispecific antibody found in the brain parenchyma or 
brain capillary fractions was measured following differential 
density centrif ugation of the brain homogenate . These values 
were plotted as a function of time after i.v. injection. 
Progressive passage from capillaries into the parenchyma 
indicates active transcytosis across the blood-brain barrier. 

Immunoscintiaraphy . A non- invasive method for monitoring 
intracerebral delivery process which invplves visualizing the 
entry of a radiolabeled bispecific antibody into the brain of 
live mice, can also be used. Radiolabeled vectorized bispecific 
antibody ( 125 I-R17/5A11) or a non- vectorized control bispecific 
antibody were administered to separate mice. Sequential brain 
images were accumulated at 1, 6, 24 and 48 hours following i.v. 
administration of the 125 I -labeled bispecific antibody probes. 
The animals were chemically immobilized during exposure using 
ketamine/xylazine anesthesia. This imaging technology could be 
very useful for determining if circulating anti-A/3 antibodies 
will prevent i.v. administered 125 I-A/3 from entering the brain. 
Digital scintigraphy data was quantified using standards and the 
integration functions provided in the analysis software. 
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An antibody which catalyzed hydrolysis of j3-amyloid at a 
predetermined amide linkage. 



2. The antibody of Claim 1 which catalyzes hydrolysis of the 
amide linkage between residues X and Y of jS-amyloid. 



[VR: THE APPROPRIATE RESIDUES WILL BE j^LLED IN FOR EACH OF THE 
DIFFERENT CATALYTIC ANTIBODIES] ^^^f££ ^ 



40 . 



3. The antibody of Claim 1 which preferentially binds a 
transition state analog which mimics the transition state 
adopted by /3-amyloid during hydrolysis at a predetermined 
amide linkage, and also binds to natural /3-amyloid with 
sufficient affinity to detect using an ELISA. 

4. The antibody of Claim 1 which preferentially binds a 
transition state analog which mimics the transition state 
adopted by jS-amyloid during hydrolysis at a predetermined 
amide linkage, and does not bind natural /3-amyloid with 
sufficient affinity to detect using an ELISA. 



5. A vectorized antibody which is characterized by the ability 
to cross the blood brain barrier and the ability to catalyze 
the hydrolysis of jS-amyloid at a predetermined amide 
linkage . 



6. The vectorized antibody of Claim 5 which is a bispecific 
antibody. . 



7. The vectorized antibody of Claim 6 which has a first 
specificity for the transferrin receptor and a second 
specificity for a transition state adopted by jS-amyloid 
during hydrolysis. 
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8. The vectorized antibody of Claim 7 which catalyzes 
hydrolysis of /3-amyloid between residues X and Y. 

[VR: THE APPROPRIATE RESIDUES WILL BE FILLED IN FOR EACH OF THE 
DIFFERENT CATALYTIC ANTIBODIES] 

9. A method for sequestering free /3-amyloid in the bloodstream 
of an animal, comprising the steps: 

a) providing antibodies specific for /3-amyloid; and 

b) intravenously administering the antibodies to the 
animal in an amount sufficient to increase retention of 
/3-amyloid in the circulation. 

10. A method for sequestering free /3-amyloid in the bloodstream 
of an animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on /3-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous j8- amyloid. 

11. A method for reducing levels of /3-amyloid in the brain of an 
animal, comprising the steps: 

a) providing antibodies specific for /3-amyloid endogenous 
to the animal ; and 

b) intravenously administering the antibodies to the 
animal in an amount sufficient to increase retention of 
/3-amyloid in the circulation of the animal. 

12. The method of Claim 11 wherein the antibodies specific for 
/3-amyloid are catalytic antibodies which catalyze hydrolysis 
of /3-amyloid at a predetermined amide linkage. 

13. The method of Claim 11 wherein the antibodies are 
monoclonal . 
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14. The method of Claim 11 wherein the antibodies are 
polyclonal . 

15. The method of Claim 11 wherein the antibodies specifically 
recognize epitopes on the C- terminus of jS-amyloid-,.^ . 

16. A method for reducing levels of jS-amyloid in the brain of an 
animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on jS-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous amyloid. 

17. The method of Claim 16 wherein the antigen is a transition 
state analog which mimics the transition state adopted by /?- 
amyloid during hydrolysis at a predetermined amide linkage. 

18. The method of Claim 16 wherein the antigen is . . . . 

19. The method of Claim 17 wherein the antibodies generated 
have a higher affinity for the transition state analog than 
for natural j3-amyloid. 

20. The method of Claim 17 wherein the antibodies generated 
catalyze hydrolysis of endogenous jS-amyloid. 

21. A method for preventing the formation of amyloid plaques in 
the brain of an animal/ comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on jS-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous jS-amyloid. 



The method of Claim 21 wherein the antigen is a transition 
state analog which mimics the transition state adopted by /3- 
amyloid during hydrolysis at a predetermined amide linkage. 

A method for reducing levels of circulating j3-amyloid in an 
animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is a 
mimic of a predetermined hydrolysis transition state of 
a j8-amyloid polypeptide endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
to the jS-amyloid hydrolysis transition state. 

A method for reducing levels of circulating jS-amyloid in an 
animal, comprising the steps: 

a) providing antibodies which catalyze the hydrolysis of 
j3-amyloid endogenous to the animal; and 

b) intravenously administering the antibodies to the 
animal . 

A method for preventing the formation of amyloid plaques in 
the brain of an animal, comprising the steps: 

a) providing antibodies which catalyze hydrolysis of /3- 
amyloid produced by the animal at a predetermined amide 
linkage; and 

b) administering the antibodies to the animal in an amount 
sufficient to cause a significant reduction in /3- 
amyloid levels in the blood of the animal. 

A method for reducing levels of /3-amyloid in the brain of an 
animal, comprising the steps: 

a) providing vectorized bispecific antibodies competent to 
transcytose across the blood brain barrier, which 
catalyze hydrolysis of /3-amyloid of the animal at a 
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predetermined amide linkage; and 
b) intravenously administering the antibodies to the 
animal . 

27. The method of Claim 26 wherein the vectorized bispecific 
antibodies specifically bind the transferrin receptor. 

28. The method of Claim 26 wherein the vectorized bispecific 
antibodies catalyze hydrolysis of the amide linkage between 
residues X and Y of /?-amyloid. 

[VR: THE APPROPRIATE RESIDUES WILL BE FILLED IN FOR EACH OF THE 
DIFFERENT CATALYTIC ANTIBODIES] 

29. A method for disaggregating amyloid plaques present in the 
brain of an animal comprising the steps: 

a) providing vectorized bispecific antibodies competent to 
transcytose across the blood brain barrier, which 
catalyze hydrolysis of j8-amyloid produced by the animal 
at a predetermined amide linkage; and 

b) intravenously administering the antibodies to the 
animal in an amount sufficient to cause significant 
reduction in /3-amyloid levels in the brain of the 
animal . 

30. A method for disaggregating amyloid plaques present in the 
brain of an animal, comprising the steps: 

a) providing antibodies which catalyze hydrolysis of /J- 
amyloid produced by the animal at a predetermined amide 
linkage; and 

b) administering the antibodies to the animal. 

31. The method of Claim 30 wherein the antibodies are bispecific 
vectorized antibodies competent for transcytosis across the 
blood-brain barrier. 
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32. A method for generating antibodies which catalyze hydrolysis 
of a protein or polypeptide comprising the steps: 

a) providing an antigen, the antigen being comprised of an 
epitope which has a statine analog which mimics the 
conformation of a predetermined hydrolysis transition 
state of the polypeptide; 

b) immunizing an animal with the antigen under conditions 
appropriate for the generation of antibodies to the 
hydrolysis transition state. 

33. The method of Claim 32 wherein the protein is j3-amyloid. 

34 . A method for generating antibodies which catalyze hydrolysis 
of a protein or polypeptide comprising the steps: 

a) providing an antigen, the antigen being comprised of an 
epitope which has a reduced peptide bond analog which 
mimics the conformation of a predetermined hydrolysis 
transition state of the polypeptide; 

b) immunizing an animal with the antigen under conditions 
appropriate for the generation of antibodies to the 
hydrolysis transition state. 



35. The method of Claim 34 wherein the protein is j3-amyloid. 
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DRAFT 

IMMUNOLOGICAL CONTROL OF BETA-AMYLOID LEVELS IN VIVO 



Background of the Invention 

Alzheimer's disease is a progressive and ultimately fatal 
form of dementia that affects a substantial portion of the 
elderly population. Definitive diagnosis at autopsy relies on 
the presence of neuropathological brain lesions marked by a high 
density of senile plaques. These extracellular deposits are 
found in the neo- cortex, hippocampus and amygdala as well as in 
the walls of the meningeal and cerebral blood vessels. The 
principal component of these plaque^JLs a 39V43 residue jS-amyloid 
peptide. Each plaque contains'H^O fmole (80 picograms) of this 4 
kDa peptide (Selkoe et al. f J. of Weurochemistry 46: 1820 
(1986)). Apolipoprotein E and neurofibrillary tangles formed by 
the microtubule-associated tau protein are also often associated 
with Alzheimer's disease. 

0-amyloid is proteolytically cleaved from an integral 
membrane protein called the 0- amyloid precursor protein. The 
gene which codes for this protein in humans is found on 
chromosome 21 (St George-Hyslop et al., Science 235: 885 (1987), 
Kang et al., Nature 325: 733 (1987)). Numerous cultured cells 
and tissues (eg. brain, heart, spleen, kidney and muscle) express 
this j8-amyloid precursor protein and also secrete the 4 kDa j8- 
amyloid fragment into culture media, apparently as part of a 
normal processing pathway. 

While it is difficult to establish an absolute causal 
relationship between /J-amyloid or the plaques it forms and 
Alzheimer's disease, there is ample evidence to support the 
pathogenic role of j3-amyloid. For example, patients with Down's 
syndrome have an extra copy of the /J-amyloid precursor protein 
gene due to trisomy of chromosome 21 (St George-Hyslop et al., 
Science 235: 885 (1987), Kang et al . , Nature 325: 733 (1987)). 
They correspondingly develop an early-onset Alzheimer's disease 
neuropathology at 30-40 years of age. Moreover, early-onset 
familial Alzheimer's disease can result from mutations in the jS- 
amyloid precursor protein gene which fall within or adjacent to 
the /3-amyloid sequence (Hardy, J., Nature Genetics 1: 233 
(1992)). These observations are consistent with the notion that 
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deposition of j3-amyloid as plaques in the brain are accelerated 
by an elevation in its extracellular concentration (Scheuner et 
al., Nature Med. 2: 864 (1996)). The finding that j3-amyloid is 
directly neurotoxic both in vitro and in vivo (Kow^ll et al. 
Proc. Natl. Acad. Sci. 88: 7247 (1991) )*, qsggj^ffip* po^si hi 1 i t-y 
that soluble aggregated j3-amyloid, not the plaques per se, may 
produce the pathology. 

Observations have indicated that amyloid plaque formation 
may proceed by a crystallization type mechanism (Jarrett et al., 
Cell 73: 1055 (1993)). According to this model, the seed that 
initiates plaque nucieation is an jEf-amyloid which is 42 or 43 
amino acids long (ASi?^) . The rate -determining nucleus formed by 
$143 or ^i_42 a ^ ows peptides ^140 or shorter to contribute to 
the rapid growth of an amyloid deposit. This nucieation 
phenomenon was demonstrated in vitro by the ability of ^^42 t0 
cause the instantaneous aggregation of a kinetically stable, 
supersaturated solution of ^40 • That findin 9 has led to the 
possibility that ^140 might be relatively harmless in the 
absence of the nucieation peptides ^42 or ^43. Indeed, 
elevated levels of these long peptides have been found in the 
blood of patients with familial Alzheimer's disease (Scheuner et 
al., Nature Med. 2; 864 (1996)). Moreover, ^42 or Afi 143 was 
found to be the predominant form deposited in the brain plaques 
of many Alzheimer's disease patients (Gravina et al., J. of Biol. 
Chem. 270: 7013 (1995)) . * 

Given the central role played by j3-amyloid, it has become 
increasingly important to understand the interrelationship 
between the different pools of these molecules in the body. Free 
j3-amyloid present in the blood most likely arises from peptide 
released by proteolytic cleavage of jS-amyloid precursor protein 
present on cells in the peripheral tissues. Likewise most of the 
free jS-amyloid found in the brain and cerebrospinal fluid is 
probably derived from peptide released by secretase cleavage of 
j3-amyloid precursor protein expressed on brain cells. The 
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peptides are identical regardless of origin, and the results from 
several studies suggest an intercommunication between these 
pools. 



Brief Description of the Figures 

Figure 1 is an amino acid sequence listing (SEQ ID NO: 1 ) 
of the 43 residue jS-amyloid peptide (Aj8) . 

Figure 2 is an amino acid sequence listing (SEQ ID NO: 2 ) 
of the antigenic peptide made from the N- terminal sequence of £ 

Figure 3 is an amino acid sequence listing (SEQ ^) N^^p) of 
the antigenic peptide made_from the central region of S^1a)3 10 . 25 ) . 

Figure 4 is an amino acid sequence listing (SEQ ID NO: 4) 
(A/? 35 _ 43 ) of the antigenic peptide made from the C- terminal 
sequence of ^Aj9-.(^-o^-jW^ 

Figure 5 is a diagrammatic representation of data from an 
ELISA comparing monoclonal antibody binding to AjS 35 _ 43 and 
versus Aj3 t . 40 . 

Figure 6 indicates the amide linkages in the peptide made 
from the ^^Verminal sequence (SEQ ID NO: 4) that were 
independently replaced with a statyl moiety, to generate the 
different statine transition state analogs of the peptide. 

Figure 7 indicates the amide linkages in the peptide made 
from the al sequence (SEQ ID NO: 3) that were 

independently replaced with a statyl moiety, to generate the 
different phenylalanine statine transition state analogs of the 
peptide. j 

^ .Figure 8 is a structural- comparison between the native '^J^f^ 

peptide and the transition state phenylalanine statine ^j3 / ^ptide 
analog . ( tf 

Figure 9 is a structural comparison between the native^^*^^^ 
peptide and the reduced peptide bond transition state ^/T^ptide 

analog - w-^T^^SZ *\ -\w c-^^^r*+ 0 

Figure 10 is a^phosphonamidate transition state analog of o&*j\#v ) 




the C-terminal region of ^(^#35.43) • 

Figure 11 indicates the putative transition state for 
peptide hydrolysis by zinc peptidases / ^B^tne phosphonate and 
phosphonamidate mimics. * 

Figure 12 is a structural comparison of the native J^**^ 
^peptide and the transition state phosphonamidate ft/J^p^ptide 
which has the peptide link between Gly 38 and Val 39 replaced 
with a phosphonamidate bond. 

Figure 13 is a diagrammatic representation of data from an 
ELISA which assess the bin&j-ag of monoclonal antibodies^ generated 
to transition state analogs^ to the ncnn^al and to 

the phenylalanine statine transition state ft^^pkptide. 

Figure 14 is a diagrammatic representation of data from an 
ELISA comparing antibody binding to the statine transition state 
-Jk^eptide versus native A0 1-43 . oJl vBCL^l©^ 

Figure 15 is a graph of data showing the cleavage 0^12^1- 
A0-sepharose by monocloij^l antibodies generated to transition 
state analogs of $$0*^ 

Figure 16 is a diagrammatic representation of data which 
rnfli rfftca^ the attachment of bispecific antibody to receptor- 
positive cells. 

Figure 17 is a diagrammatic representation of data 
.J-w Ht ra t ing , the transcytosis of vectorized bispecific antibody 
into brain. Nv fojyu^J ^> 

Detailed Description of the Invention " r 

The present invention relates to immunologically based 
methods for controlling levels of /3-amyloid in the body of an 
animal. The invention is based on the finding that antibodies, 
specific for j3-amyloid are able to bind jft-amyloid in the presence 
of a physiological level of human serum albumin. The invention 
is also based on the finding that an animal can tolerate the 
presence of antibodies specific for |3-amyloid in amounts 
sufficient to sequester jS-amyloid in the bloodstream. 
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One aspect of the present invention related to a method for 
sequestering free j3-amyloid in the bloodstream of an animal. The 
soluble and insoluble forms of 0-amyloid present within an animal 
are in dynamic equilibrium. Soluble j3-amyloid is thought to 
translocate between blood and cerebrospinal fluid. Insoluble ]8- 
amyloid aggregates deposit from the soluble pool in the brain, as 
amyloid plaques. Results detailed in the Exemplification section 
below indicate that intravenous administration of antibodies 
specific for j8-amyloid to an animal impedes the passage of 
soluble jS-amyloid out of the peripheral circulation. This occurs 
because the j3-amyloid specific antibodies, which are restricted 
to the peripheral circulation, bind to jS-amyloid and sequester it 
in the circulation. Such sequestration is accomplished through 
intravenous administration of an appropriate amount of antibodies 
specific for jJ-amyloid to the animal. The amount of antibody 
ad wiiiible r^^fSff icient to produce sequestratioiv^ ( ^pement 
upon various factors (e.g. specific characteristics of the 
antibody to be delivered, the size, metabolism, and overall 
health of the animal) and afioul ^^ determined on a case by case 
basis . 

Administered antibodies can be monoclonal antibodies, a 
mixture of different monoclonal antibodies, polyclonal 
antibodies, or any combination therein. In one embodiment, the 
antibodies bind to the C-terminal region of 0-amyloid. Such 
antibodies specifically bind the less abundant, but more noxious 

species in the blood as opposed to the smaller and less 
detrimental AjS^. In another embodiment, a combination of 
antibodies having specificity for various regions of 0-amyloid 
are administered. In another embodiment, antibodies which 
catalyze the hydrolysis of j8-amyloid, discussed in more detail 
below, are administered either alone or in combination with other 

anti-0-amyloid a ^^j|^V^ ^ oi*^~i 

The animalAis any animal which has circulating soluble 0- 
amyloid. In one embodiement, the animal is a human. The human 
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may be a healthy individual, or alternatively, may be suffering 
from or at risk for a disease in which elevated jS-amyloid levels 
are thought to play a role, for example a neurodegenerative 
disease such as Alzheimer's disease. 

A related aspect of the present invention is a method for 
se^oestering free j3-amyloid in the bloodstream of an animal by 
^geHCT^£^^arLJmmnnp rpsonae^^t^e^nimal^o endogenous j8- 
amyloid.y^The results detailed in the Exemplification below 
indicate that an animal can tolerate the induction of an immune 
response which produces antibodies to endogenous /3-amyloid, and 
that the presence of such antibodies will alter the distribution 
of 0-amyloid in the body, in a similar manner as the above 
described method of administering /3-amyloid binding antibodies. 
The immune response to endogenous 0- amyloid is generated by 
immunizing the animal with one or more antigens comprised of 
epitopes present or^-^amjSoicT eiidugt;iiqu& - ^n , th e a nimal . Epitopes 
present on the innoculated antigens can correspond to epitopes 
present on any region of the |3-amyloid molecule. In a preferred 
embodiment, epitopes found on the C-terminal region of j8-amyloid 
are used to generate antibodies which specifically bind the Aj3 1-A3 
species as opposed to the smaller A/?^. In an alternate 
embodiment, a combination of ^atopes atJ3 : =a^SgiSfSent : ^gaing 
gj atopoo ^re administered to generate a variety of antibodies to 
j3-amyloid. A more generalized immune response is generated by 
immunizing either with a mixture of different small peptide 
antigens or with the full-length 43 residue /J-amyloid peptide. 
In another embodiment, antigens used for inoculation include 
transition state analogs of jS-amyloid peptides to induce 
antibodies which have catalytic activity directed towards 0- 
amyloid hydrolysis, described in detail below. 

The immunoreactivity of the antigens can be enhanced by a 
variety of methods, many of which involve coupling the antigen to 
an immunogenic carrier. In addition, various methods are known 
and available to one of skill in the art for specifically 
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enhancing the immunogenicity of endogenous molecules or A epitopes 
contained therein if ications can be made to the 0-amyloid 

antigen (s) described herein to render it more compatible for 
human use. For example, the peptide (s) , can be genetically- 
engineered into appropriate antigenic carriers, or DNA vaccines 
can be designed. 

The above techniques for sequestering ff-an^oick in theft fc ^ 



circulation are also useful for redlining hrain ff-^Ay3rtrfa-qrg^ls. 
Because the formation of amyloid plaques in the brain is 
dependent^at least in part^on the levels of free j3-amyloid 
present in the brain, reducing brain 0-amyloid levels of an 
animal will "reSuce 'the formation of amyloid plaques in the brain. 
Therefore, the above techniques are a^e useful for preventing 
the formation of amyloid plaques in the brain of an animal. This 
is especially applicable to an animal which is considered at risk 
for the development of amyloid plaques; a risk which may result 
from a genetic predisposition or from environmental factors. 
Administration of antibodies, or immunization of the animal to 
produce endogenous antibodies, j5-amyloid can be of 
therapeutic benefit to such an animal (e.g. a human who has a 
family history of Alzheimer's disease, or who is diagnosed with 
the disease) . 

Another aspect of the present invention relates to 
antibodies which are characterized by the ability to catalyze the 
hydrolysis of j3-amyloid at a predetermined amide linkage. 
Experiments detailed in the Exemplification section demonstrate 
the generation of different antibodies which have proteolytic . 
activity towards /3-amyloid. Siich an£i£odies are generated by 
immunizing an an 
transition state. 

:ransjjt±oir state that j8-amyloid adopts during hydrolysis ^ x a ^W-<-i|jX-o 






determine* ! amide linkage. Transition state analogs useful for 
generating the catalytic antibodies include, without limitation, 
statine, phenylalanine statine, phosphonate, phosphonamidate, and 
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reduced peptide bond transition state analogs. 

Antibodies generated to epitopes unique to the transition 
state preferentially bind 0-amyloid in the transition state. 
Binding of these antibodies stabilizes the transition state, • 
which leads to hydrolysis of the correspondi]M amide bond. The 
particular amide linkage to be hy^rolyzed is Jjhosen based upon 
the desired cleavage produfet. FoT^^arraple, cleavage of full 
length j3-amyloid into two pep^iera fragments which cannot 
aggregate into amy Ibid plaques Vouici be of therapeutic use in the 
methods disclosed hetein.f Monoclonal antibodies which recognize 
the transition state C\f specific amide likages in 0-amyloid 

include [VR: PLEASE PROVIDE LIST OF AMIDE LINKAGES THAT 

THE MONOCLONAL ANTIBODIES RECOGNIZE.] 

At least two different classes of antibodies are generated 
by the above methods. The first class preferentially binds the 
transition state analog, and also detectably cross reacts with 
natural jS-amyloid^using t^^ELISA^^t^fj^d-in the^E^eipp lif icati pn 
oeetieu., ten detect binding. The second class binds the 
transition state ai ^J^^ anc ? does ngt^ do^icaj ^y cross react to 
natural j3-amyloic^3Jjag«=^l^ in the 

Exemplification section^ t o d e tpqt b^injjiit tg.^ Both classes of 



:ion, t o dotpct bindin g. _ Boi 
mtial value as catauytic a] 



antibodies have potejitial v valu^ as catauytic antibodies. The<i^_ 
rsspesfctae binding a^ 
aftfeibody SS^likely to 



hydase^ei^ It is thought that in, order for an antibbdy to 
ISe tPtt&^ -sct catlyzi^. hydrolysis on a protein, it must goseaajat 
least a minimal ability to bind the\natural (non-transition) ^1 
state of the protein. Antibodies which retain significant 
binding for 0-amyloid, (thlrt strong^ cross react with natural jS- 
amyloid) may be more efficient at catalyzing hydrolysis due to a 
higher efficiency of binding the /2-amyXoid. Once bound, these 
antibodies force the protein into a transition state conformation 
for hydrolytic cleavage. Alternatively, ^antibodies which only 
minimally cross react with natural jS-amyloid, although less 
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efficient at binding native /?- amyloid, are likely to be more 
efficient at forcing the bound /J-amyloid into the transition 
state conformation for hydrolytic cleavage. It should be pointed 
out that failure to detect binding of the anti-transition state 
antibodies to natural 0-amyloid by the ElJSA methods presented in 
the Exemplification herein does not necessarily reflect an 
inability to bind natural 0-amyloid sufficiently to function as a 
catalytic antibody. More likely, a lack of detection merely 
reflects the sensitivity limitations of the assay. 

Antibodies *gSr substantial affinity for the predicted 
cleavage products of the native j3-amyloid peptide may be subject 
to product inhibition and might therefore exhibit low turnover. 
Such undesireable antibodies can be identified by secondary 
screening using peptides which contain epitopes of the predicted 
cleavage products (e.g. via ELISA) . 
^ In a preferred embodiment, the antibodies are monoclonal. 
£ ¥he^B ea&£e produced by immunizing an animal (e.g. mouse, guinea 
pig, or rat) with the transition state analog antigen, and ^Vy^^ 



producing hybridomas from the animal, by standard procedures. 
Hybridomas^produc?^ the desired monoclonal antibodies are ■\V** /Vw 
identified by screening. One example of a screening method is 
presented in the Exemplification section which follows. In 
another embodiment, the antibodies are polyclonal. Polyclonal 
antibodies are generated by immunizing an animal (e.g. a rabbit, 
chicken, or goat) with antigen and obtaining sera from the 
animal. Polyclonal antibodies w±fcfe The desired binding 
specificities can be further purified from the sera by one of 
skill in the art through the course of routine experimentation. 

Another aspect of the present invention is the use of 
statine and reduced peptide bond analogs to elicit catalytic 
antibodies having proteolytic activity. The Exemplification 
section below details methods for using statine analogs as 
antigen in the production of catalytic antibodies, and also lists 
examples of anti-tr adition-^ g^ eratMjLiai ng- 

these methods. The "statyl" moiety is derived from naturally 
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evolved protease transition state inhibitors like amastatin, 
pepstatin, and bestatin. These naturally-occurring statine-based 
inhibitors have been used to effectively block the activity of 
aminopeptidases, aspartic proteases and the HIV protease . 
Synthetic peptides containing a statine residue offer novel 
features for the induction of catalytic antibodies. The statyl 
moiety has a tetrahedral bond geometry, its length is extended by 
two CH 2 units, it has a strategically placed OH group and the 
structure has no charge. The presence of the additional CH 2 
units is expected to elicit a more elongated antibody combining 
site, and antibodies generated to this site will induce extra 
strain on the peptide substrate, producing an accellerated 
catalysis. In addition, the OH group in these statine analogs is 
thought to better approximate the position and chemistry of the 
true transition state. Statine-based transition-state analogs 
should therefore elicit a class of antibodies which is 
significantly different from those obtained from the more 
commonly used negatively charged phosphonate analogs. 

Reduced peptide bond analogs introduce a tetrahedryl 
configuration, without increasing the distance between amino acid 
residues. This feature should more closely approximate the true 
transition state geometry/*^ ^positively cnarg^' secondary amine 
replaces the amide nitrogen of the natural polypeptide and should 
elicit a complementary negatively charged side chain at a 
proximal locus in the antibody combining siit e f^^^lf *anci 1 1 ary 
glutamyl or aspartyl groups^^^^, assial °^tiDoby Mnekiated 
catalysis of peptide cleavage via acid-base exchange. Reduced 
peptide bond-based transition-state analogs should therefore 
elicit a class of antibodies which is significantly different 
from those obtained from using the more commonly used negatively 
charged phosphonate analogs.V^^duced pep tide, bond analogs and 
-ariso statine analogs can be used to producegj^xraitioA state 
analog antigens wkach trpad^^ pw^ prot^inA o r^ y^r* 3 ^ 

polypeptides* These antigens can in turn be used to generate the 
respective catalytic antibodies 



-11- 

Administration of the 0-amyloid catalytic antibodies 
described above finds use in the above described methods for 1) 
sequestering free 0-amyloid in the bloodstream of an animal, 2) 
reducing levels of jS-amyloid in the brain of an animal, and 3) 
preventing the formation of amyloid plaques in the brain of an 
animal. Experiments presented in the Exemplification demonstrate 
that immunization of an animal with a transition state analog 
results in the generation of an immune re^onse to produce 
antibodies which recognize the transition state, and which 
catalyze hydrolysis of the 0-amyloid protein. This indicates 
that^he transition state analogs can be used as antigens in these 
methods to induce the production of antibodies in the animal 
which recognize and catalyze cleavage of endogenous j8-amyloid. 

Methods which involve reducing overall levels of j8-amyloid 
in an animal through the proteolytic action of the above 
described catalytic antibodies are also encompassed by the 
present invention. The presence of functional catalytic 
antibodies in the circulation of an animal reduces the level of 
/J-amyloid in the circulation. Accordingly, the present invention 
provides a method for reducing levels of circulating jS-amyloid in 
an animal by introducing the above described catalytic antibodies 
into the animal . 

The present invention also provides a method for reducing 
levels of circulating ]8-amyloid in an animal by immunizing the 
animal with a j3-amyloid transition state analog to induce 
antibody production .^The use, and ^?^9 n °f suclx^accines ^^J^J 
described above ^^^ist^^^oz^h^^ht l^^i^t^'^l^lLnimal 
is preferably via intravenous administration. Such antibodies 
are either monoclonal, mixed monoclonal, polyclonal or affixture 
thereof. The origin of the antibody may affect the half- life of 
the antibody in the animal; antibodies from less related species 
are more likely to be recognized as foreign by the animal's 
immune system. Preferably, administered antibodies are derived 
from a species closely related to the animal, to maximize half- 



-12- 



life and minimize adverse reactions by the host. Administration 
of isolated variable region antibody fragments may produce 
beneficial results in this regard. 

The reduction of 0-amyloid levels in the circulation of an 
animal is expected to displace the equilibrium of j3-amyloid in 
the body, and lead to a reduction in the levels of /3-amyloid in 
the brain of the animal through mass action. In this respect, 
the present invention provides methods for reducing the levels of 
0-amyloid in the brain of an animal, py either administering 
catalytic antibodies to the animal, or by administering a 
transition state analog to induce endogenous antibody production. 
It follows that these procedures also have value as methods for 
preventing the formation of amyloid plaques in the brain of an 
animal, since the resulting reduction in the levels of jS-amyloid 
in the brain of an animal should prevent the formation of amyloid 
plaques. These procedures also have value as methods for 
disaggregating amyloid plaques present in the brain of an animal, 
since evidence indicates that lower brain j8-amyloid levels can 
lead to the disaggregation of plaques, 
r^^- "Vhe present invention a£»-provides -fe* more direct methoc^ 
* of altering the distribution of j8-amyloid in the brai^by 
actually delivering anti-j3-amyloid antibodies to the brain. 
Methods described above for reducing levels of j3-amyloid in the 
brain and for preventing aggregation of amyloid plaques depend 
upon exchange between jS-amyloid pools in the circulation the 
cerebrospinal fluid, the exchange being driven by a disruption of 
the equilibrium between the pools. In contrast, delivery of 
ant i-j8- amyloid antibodies to the brain will directly affect f}~ 
amyloid aggregation. Evidence presented in the Exemplification 
section below indicates that the binding of certain anti-j3- 
amyloid antibodies inhibits the initial aggregation of j3- amyloid 
in vitro, and also disaggregates preformed in vitro j3-amyloid 
complexes. Moreover, if insoluble peptide is in equilibrium with 
a low level of soluble jS-amyloid, then an anti-/3-amyloid binding 
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antibody could upset this balance and gradually dissolve the 
precipitate. These observations indicate that the presence of 0- 
amyloid antibodies in the brain will directly inhibit the 
formation of amyloid plaques and will also disaggregate preformed 
plaques by disrupting the dynamic equilibrium between soluble 0- 
amyloid and fibrillar /?-amyloid deposited as plaques. 
Furthermore, a highly active catalytic antibody is expected to 
destroy insoluble /J- amyloid plaques by hydrolytically cleaving 
the constituent aggregated peptides. 

One way of delivering antibodies to the brain is by 
producing vectorized antibodies competent for transcytosis across 
the blood-brain barrier. Vectorized antibodies are produced by 
cdvalently" linking an antibody to an agent which promotes 
delivery from the circulation to a predetermined destination in 
the body. Examples of such vectorized antibodies can be found in 

the prior art [VR: PLEASE PROVIDE REFERENCES] One such 

agent is another antibody which is directed towards a cell 
surface component, such as a receptor, which is transported away 
from the cell surface. Examples of antibodies which confer the 
ability to trancytose the blood-brain barrier include, without 
limitation, anti-insulin receptor antibodies, and also anti- 
transferrin receptors (Saito et al., Proc Natl Acad Sci USA 92: 
10227-31 (1995); Pardridge et al., The Primate 12: 807-816 
(1995) ; [VR: PLEASE VERIFY THE ACCURACY OF THIS LAST REFERENCE AS 
IT WAS NOT .CLEAR IN THE MATERIALS PROVIDED] Broadwell et al . /*Exp 
^ Neurol 142r 47-65 (1996)). This first antibody is covalently 
linked to an antibody which binds /3-amyloid. Alternatively, 
coupling the jS-amyloid antibodies to ligands which bind these 
receptors^ e.g. insulin, transferrin, or LDL [VR: PLEASE PROVIDE 
COMPLETE NAME OF LDLl^will also produce a vectorized antibody 
competent for delivery to the brain from the circulation 
(Descamps et al., Am. J. Physiol. 270: H1149-H1158 (1996) ; Duffy 
et al., Brain Res. 420: 32-38 (1987); Dehouck et al., J. Cell 
Biol. 138: 877-889 (1997)) . 

A vector moiety can be. chemically |or genetically^attached to 





the ant i-/3- amyloid antibody to facilitate its delivery into tne 

central nervous system/ This vector component can be for 

example, an anti-transferrin receptor^^^nti- insulin receptor 

antibody^-tterfe binds to* those-receptors'o^ the brain capillary q& 

endothelial cells (Bickel et al., Pro^Natl Acad Sci USA 90 T *J$$r 

2618-22 (1993); Pardridge et al., J Pharmacol Exp Ther 259: 66-700*? 

(1991); Saito et al. Proc Natl Acad Sci U S A 92: 10227-31(1995); 

Friden et al,, J. Pharm. Exper. Ther. 278: 1491-1498 (1996)) 

which make up the blood- br^in barrier. The rasttttrirtfj ^/ * 

bifunctional antibodyl^raaso et al., J. Biol. Chem. 272: 27623- 

27628 (1997); Raso et/al., J. Biol. Chem. 272: 27618-27622 

(1997); Raso, V. Ankl. Biochem. 222:297-304 (1994); Raso et al., 

Cancer Res 41: 2^73-2078 (1981); Raso et al., Monoclonal 

antibodies as /fell targeted carriers of covalently and non- 

covalently attached toxins. In Receptor mediated targeting of 

drugs, vol/ 82. G. Gregoriadis, G. Post, J. Senior and A. Trouet, 

editors. NATO Advanced Studies Inst., New York. 119-138 (1984)) 
/ ^ 

->will attach to* appropriate receptors on the luminal side of the 
vosseX^J^Once bound to the receptor, both components of the 
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bispecif ic antibody gao> pass across the blood-brain barrier by 
the process of transcytosis. Anti-)3-amyloid antibodies which 
have entered the brain interact directly with both ^-amyloid 
plaques and the soluble j3-amyloid pool. It haa^been^estimated 
that concentrations of macromolecules in the 1\i3^1(x3m range can 
be achieved in the brain using vector-mediated delivery via these 
brain capillary enriched protein target sites (Maness et al., 
Life Sciences 55: 1643-1650 (1994); Lerner et al., Science 252: 
659-667 (1991)). ^Importantly, the vector appears safe since 
animals dosed daily ( ^ r ^ l ^ wee ^ s w ^ t ^ 1 an anti-transferrin 
receptor antibody shes&ono loss of integrity of the blood-brain 
barrier^using a radioactive sucrose probe (Broadwell et al., Exp 
Neurol 142: 47-65 (1996)). 

The Exemplification details the production of vectorized 
bispecif ic antibodies which bind jS-amyloid. The bispecif ic 
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antibodies transcytose across the blood brain barrier via a first 
specificity which binds the transferrin receptor. Use of 
antibodies which bind the transferrin receptor for delivery of 
agents across the blood brain barrier is described by Friden et 
al. in U.S. Patents No. 5,182,107; No. 5,154,924; No. 5,833,988; 
and No. 5,527,527; the contents of which are incorporated herein 
by reference. 

Results from experiments presented in the Exemplification 
section which follows indicate that the produced bispecific 
antibodies retain their separate specificities and are delivered 
across the blood-brain barrier into the brain parenchyma and 
brain capillaries of a live animal when administered 
intravenously. 

AlternaEfefl^ methods for the production of bispecific 
antibodies have been described for genetically engineering 
bispecific reagents or for producing them intracellularly by 
fusing the two different hybridoma clones [VR: PLEASE PROVIDE 
REFERENCES FOR THESE METHODS] . Vectorized bispecific antibodies 
produced by these techniques can also be used in the methods of 
the present invention. 

^y^eeans^ the introduction of whole antibodies into the brain 
might be detrimental if they were to fix complement and promote ^^j^^ 
complement -mediated lysis of neuronal cells^^mall^ Vectorized 
F(ab') 2 bispecific reagent s , caft-fee-p^SSu&ed-. It has been shown ^Ifte- 
that aggregated j3-amyloid itself can fix complement in the 
absence of any antibody and that the resulting inflammation may 
contribute to the pathology of Alzheimer's disease. The 
possibility of intracerebral antibody having a similar effect 
^%rcTitt3H^- greatly reduced by eliminating the Fc region of the 
antibody. Moreover, since coupling of Fab' halves uses the 
intrinsic hinge region cysteines, no extraneous substitueht 
linkage groups need t?8t be added. Faster or more efficient entry 
into the brain represents another potential advantage that 
smaller F(ab') 2 or Fv 2 reagents may provide for intracerebral 
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delivery. In addition, the two types of vectorized molecules may 
have different biodistribution and plasma half -life ^ 
characteristics (Spiegelberg et al., J. Exp. Med. 121: 323 [ "1 
(1965)) . 

Depending on their design, ant i-^g^y loid bispecific / 3^*tt -i 
antibodies srfcuatsd in the brain'-ean funstTon^^febtee-^ifferent 
y^^^^^dace soluble j3-amyloid and j3-amyloid deposits'^ 
anti-j3-amyloid bispecific antibody that tightly binds soluble 0- 
amyloid will not only sequester the peptide but, due to efflux of 
vectorized molecules from the central nervous system (Kang et 
al., J. Pharm. ^B^. J^pr. 269: 344-350 (1994) ) , - puleuLially car t 
carry the bound3gTout of the brain and release it into the blood 
streanu^Pkis clearance mechanism would lead to a continuous 
cycling of |S-amyloid out of the brain. ^ (J^c^j^W^*' 

To be effective the anti-j8-amyloid sites of a bispecific 7 
antibody must be empty before passage out of the blood and into 
the brain. Therefore the concentration of bispecific antibody in 
animals must exceed the level of 0-amyloid circulating in the 
blood. Calculations performed based upon known j8-amyliod levels 
(Scheuner et al., Nature Med. 2: 864-870 (1996)) and a medium- 
range plasma level of bispecific antibody expected in a treated 
animal indicated 99.9% of the bispecific antibodies that enter 
the brain will have unoccupied anti-^l^comDining sites. 

Another way of delivering antibodies to the brain is via 
direct infusion of anti-jS-amyloid antibodies into the brain of an 
animal. This technique gives these antibodies immediate access 
to 0- amyloid in the brain without having to cross the blood-brain 
barrier. Direct infusion can be accomplished via direct 
parenchymal or intracerebroventricular infusion (Knopf et al., J 
Immunol. 161: 692-701 (1998)). Briefly, the animal is 
anesthetized and placed in a stereotaxic frame. A midsaggital 
incision is made on the scalp to expose the skull and the 
underlying fascia is scraped away. A hole is drilled to accept a 
sterilized length of stainless steel hypodermic tubing, which is 
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stereotaxically advanced so that its tip is appropriately located 
in the brain. A guide cannula is then attached to the skull and 
sealed. The cannula remains in place for multiple infusions of 
antibody into the brain. A bolus of a sterile 50 mg/ml solution 
of a monoclonal anti-j8-amyloid can be infused over a 2-8 minute 
period into an immobilized animal via an injection cannula. 

Delivery of catalytic antibodies into the brain of an animal 
via one of the above described methods, can also ,be used to 
disaggregate amyloid plaques present in the brain. The advantage 
of delivering an 0-amyloid-specif ic catalytic antibody into the 
brain is two- fold. The 0-amyloid peptide is permanently 
destroyed by such antibodies and, since catalysis is continuous, 
each antibody inactivates many target j8-amyloid molecules in the 
brain. Thus much less vectorized bispecific antibody has to be 
delivered into the central nervous system to achieve the desired 
depletion of 0- amyloid. 

The amount of antibody to be administered or delivered to 
the animal should be sufficient to cause a significant reduction 
in j3-amyloid levels in the brain of the animal. The appropriate 
amount will depend upon various parameters (e.g. the particular 
antibody used, the size and metabolism of the ariimal, and the 
levels of endogenous jS-amyloid) and should b e determined on a 
case by case basis. Such determination's ^wd^hin the means of 
one in the art through t ho cours e -egfc routine 

experimentation. 

It is expected that additional benefits with respect to 
lowering brain jS-amyloid levels and preventing or disaggregating 
amyloid plaques can be achieved through utilizing a combination 
of one or more of the above described approaches. 
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Exemplif ication 



PAR¥»1: RETENTION OF fl-AMYLOID IN THE CIRCULATION 



Synthesis of fl-Amyloid Peptide Antigens 



The amino acid sequence of the 43 residue j3-amyloid peptide 
(A/3) is listed in Figure 1. To determine which sites on this A/J 
peptide were best suited for antibody-mediated therapy, three key 
regions (amino -terminal, central and carboxy- terminal) of the AjS 
43-mer were chosen to generate epitope-specif ic vaccines. These 
shortened peptides served as antigenic epitopes to induce a 
highly specific antibody response. 

Monoclonal antibodies to the amino- terminal region of A0 
have been showi^t^Save the ability to solubilize AjS aggregates 
(Solomon et al., Proc. Natl. Acad. Sci. USA 94(8): 4109 
(1997) ) (Solomon et al., Proc. Natl. Acad. Sci. USA 94(8): 4109 
(1997); Solomon^ et al., j>r oc. Natl. Acad. Sci. USA 93(1): 452 
(1996) ) ^n&^^]^iae OK>nsist ; ing of the ^mino-terminal region of Aj3 
was similarly designed n shown in Fig\ 2 and listed in SEQ ID NO:' 
2) and used to elicit amino- terminal specific antibodies that 
bind A/3. A Cys residue was added to the C- terminus of the A0 
sequence to provide a suitable linkage group for coupling this 
peptide to an antigenic carrier protein such as maleimide- 
activated Keyhole Limpet Hemocyanin (KLH) . 



A peptide encompassing the central region of Aj8 was 
synthesized (shown in Figjtu?e* 3 and listed in SEQ ID NO: 3). A 
Cys residue was placed at the N-terminus of the A/3 sequence to 



To produce an antigen for eliciting an immune response 
directed against the carboxy- terminus of Aj3 (Suzuki et al., 
Science 264:1336(1994)), a decapeptide encompassing the N- 
terminal region of Aj8, with an additional Cys residue at the N- 
terminus.was synthesized (Shown in Fig. 4, and listed in SEQ ID 
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NO: 4) . The Cys substitution was designed to provide a 
sulfhydryl linkage group for coupling the peptide to antigenic^ 
r^laajtidfi^d^^^^i carrier proteins such as KLH. 

Coupling the peptides to an antigenic .carrier protein 

The different Cys containing A0 peptides were individually 
thioether-linked to maleimide-activated KLH. A multivalent Aj3 
vaccine was also produced by simultaneously linking all three of 
these peptides to maleimide-activated KLH. In addition the full- 
length A0 43-mer was linked to KLH using glutaraldehyde . 

Antibodies Elicited with the fl-Amvloid Vaccines 

Normal BALB/c mice were immunized by standard procedures 
with the KLH-linked A0 vaccines described above. The mice were 
either bled or sacrificed for removal of the spleen for hybridoma 
production. Sera and monoclonal antibodies obtained were 
characterized for binding to Aj3. 

Table 1 shows the results from an ELISA run with 1/100 
diluted serum from two non-immunized control mice versus 1/100 
and 1/1000 diluted serum from a mouse that was immunized with a 
central region Aj8 peptide-KLH vaccine. The free A/? peptide was 
adsorbed directly onto the microtitre plate to avoid dete ction of 
*nH -ktj^ ^^ ^d^PA ^Hfv^j^ PtPrnm. Monoclonal an tibodies rais^ii^ 
jginst this ^central regio^^^^^^^^^^&^^^^^3^e»fee^ 



Table 1 ELISA for Binding to the Central Region Ap Feptfidl 




Antibody Bound 
Addition (0.D, 450nm) 

Control Serum A 1/100 0.666 
Control Serum B 1/100 0.527 
Mouse 1 antiserum 1/100 3.465 



Mouse l antiserum 
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1/1000 



2.764 



A binding assay was performed to determine whether the*anti- 
A/3 antibodies identified - by bfto^-above-a s saye also bound to the 
full length Aj8 peptides. 125 I-A/? W 3 probe was incubated with 
hybridoma secretions from the indicated clones. A standard 
polyethylene glycol separation method was used to detect '^I-Ajf^. 
43 bound antibody (Table 2). Results presented in Table 2 
indicate that the antibodies generated to the peptide fragments 
also bound full length AjS,.^. 



Table 2 ^I-A/S,.^ Binding Assay 



Addition 



^I-AiS,.^ Bound 
(cpm) 



Control Hy 
Control Hy 

6B2 

6E2 1/10 
3B1 

3B1 1/10 



8E3 
8E3 



1/10 



3,171 
2,903 

15,938 
9,379 

12,078 
3,353 

10,789 
3,249 





It was recently reported that when 125 I-Aj3i^/ is added to .\[ 
human plasma, -89% binds to albumin (Biere et/al., Journal of J&\~** 
Biological Chemistry 271 (51) :32916 (1996)). /Binding assays ^ ere V>J^^^ 
performed in the presence and absence of serum albumin, to 
determine whether albumin binding we«td-interf erej with antibody 
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binding to A/J. The 'ability of purified 5A11 monoclonal anti-Aj8 
antibody to bind ^I-Atf^ was unaffected by the presence of 
human serum albumin (HSA) at 60 mg/ml, even though this was a 
500-fold molar excess over the antibody concentration (Table 3) . 
These results indicate that the ability of antibodies to bind to 
and sequester Aj3 in the blood will not be attenuated by, the 
presence of other binding proteins. 

Table 3. ^I-A/?^^ Binding to Antibody in the Presence of Human 
Serum Albumin* 



125 I-Aj3 1 . 40 Bound Specifically Bound 

Addition (cpm) (% of total added) 

Control 8,560 

+ 5A11 anti-Aj3 64,589 79 

Control + HSA* 3,102 

+ 5A11 anti-A/3 + HSA* ' 55,304 75 



*HSA at 60 mg/ml (-1 mM) ; anti-Aj8 5A11 at 2xl0" 6 M; Added -70,000 

Monoclonal Antibody Production A ^ <r 

A mousewjas ^tfr m ni^ ^ S^>KLH conjugate of^^th^central 
regioif phenylalanine statine*tr3nsition sta te/ mimic pf the 
central region AjSjq^ peptide. A hybridoma fusion was performed 
and the resulting monoclonal antibodies analyzed to characterize 
the specificity of the immune response to the vaccine. Hybridoma 
supematants produced in the fusion were screened using ELISA to 
assess their binding to the AjSj^ peptide. 

The monoclonal antibodies produced were determined to bind 
to the Aj3j_43 peptide adsorbed directly onto an ELISA plate. 
Strong color reactions were obtained in this ELISA using only 10 
fil of hybridoma supernatant while the addition of media alone 
produced low background color. These results indicate that the 
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antibodies not only bound to the small peptide immunogen but they 
were also reactive with the full-length AjSj^. Importantly, ♦ 
antibodies bound to the carrier-free A0 peptide adsorbed directly 
onto microtitre plates, showing their specificity for the peptide 
rather than the immunogenic carrier. The high affinity 5A11 
monoclonal antibody (Table 3) was obtained from this hybridoma * 

ks STATEMENT 



fusion. [VR: MSL8 T& MISLEADING 
WITH THE PACT TBKE ANTIBODY 5A11 WAS 
WtlH A byWSITION STATB^JJItflC PEPTID! 



.EASE RECTI 




OBTAINED FROM IMMUNISATION 



A second mouse was immunized with a KLH conjugate of the 
^3543 ana l°9 encompassing the C- terminal region of Aj8. Serum 
from the mouse was screened for reaction with A/?^ adsorbed 
directly onto the ELISA wells. The assay results are presented 
in Table 4 . The spleen of this mouse was then used for a 
hybridoma fusion to further characterize the specificity of its 
immune response. Importantly, none of the mice immunized with Aj8 
vaccines or the anti-Aj8 ascites -producing mice displayed ill 
effects even though some of those induced antibodies cross-react 
with mouse Aj3 and mouse amyloid precursor protein. 



Table 4 ELISA for Binding of Antiserum Directed to the Carboxy- 
tenninal A0 Peptide 

Antibody Bound (O.D. 450nm) 
Addition Native Aff . 

Control Serum 
Mouse Antiserum 



0.484 
1.765 



Monoclonal antibodies from hybridoma clones generated above 
were screened for binding to the small carboxy- terminal peptide 
^3543 and the full-length A/J^. Results are presented in 
Figure 5. The monoclonal antibodies bound to the carboxy- 
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terminal locus on each of these carrier- free AjS peptides adsorbed 
directly to the microtitre plate, confirming their specificity 
for the peptide rather than the immunogenic carrier. The clones 
were also tested with AjSj^j to identify antibodies which do not 
react with this shortened, 40 amino acid residue version of A0 
and thus will specifically bind to the carboxy- terminus of AjSj^ 
(Fig. 5). Used therapeutically, this vaccine should elicit 
antibodies which will preferentially bind the less abundant but 
more noxious A/?^ species in the blood ^as opposed to the smaller 
and less detrimental Aflj^g. 

Antibodies Affect the Distribution of 125 I-Afiin Normal Mice 
Anti-AjS antibodies in the circulation cannot cross the 
blood-brain barrier to a significant extent and therefore should 
act as a sink that prevents 125 I-AjS 1-4 q from reaching the brain. 
This retention effect was demonstrated by measuring the blood 
levels in mice 4 h after injecting them with equal amounts of 
125 I-A0i_40 either alone or along with our 5A11 anti-A/3 monoclonal 
antibody (Table 5). The passage of 125 I-AjS l ^ 0 out of the 
peripheral circulation was greatly curtailed in animals which 
concomitantly received the specific anti-Aj3 antibody. That 
finding extends the in vitro results with the 5A11 antibody 
(Table 3) by demonstrating that it^a^alsq^e^^^ively bind AjS 
in an experimental animal. The t«ettSat^reafc*ftent with this 
ant ibod^^e^aln^^l 0 - 1 imes more ^I-A/Jj^ in the circulation 
indicates that the equilibrium distribution of Aj3 in the body can 
be dramatically altered by 13I& selective sequestration in the 
blood. 

Table 5 Anti-A0 Antibody Impedes the Passage of ^I-A/}^ Out of 
the Circulation 



'I-AjS^ in Blood 
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Mouse Injected Withy (cpm/qm) 

125 I-Aj8 1-40 alone 27,300 
m I-Afiw + 5A11 anti-A0 278,900 



Materials and Methods 

Peptide synthesis . The 40mer Aj3 1 . 40 , the 43mer AjS,.^, and the 
three small Aj8 peptides A0 M6 , Aj3 10 -25' and ^35-43' were synthesized 
by standard automated Fmoc chemistry. Newly synthesized peptides 
were purified by HPLC and their composition was verified by mass 
spectral and amino acid analysis. The Aj3 43mer was obtained from 
a commercial source (Bachem, Torrance, CA) . 

Conjugation of fl-amvloid peptides to immunogenic carriers . The 
small A/3 peptides were linked to the KLH carrier protein in order 
to render them antigenic. A Cys residue was strategically placed 
at the N- or C-terminal end of these Aj3 peptides to provide a 
suitable linkage group for coupling them via a thioether bond to 
maleimide activated carrier proteins. This linkage is stable and 
attaches the peptide in a defined orientation. Addition of -20 
peptides/KLH is typically obtained by this conjugation method. 
The longer, full length AjS peptides were linked to carrier 
proteins using a glutaraldehyde coupling procedure. 

y^he-^ut lined meJ>hGd^_ar^ai^ e^ecUent wacy of 

^producing experimental vaccines for use in animals. 

Immunization of Mice . Normal BALB/c mice were immunized by 
standard procedures with the KLH-linked A/3 vaccines described 
above. Briefly, mice were injected i.p. with antigen emulsified 
in complete Freunds adjuvant, followed by a second course in 
incomplete Freunds adjuvant. The mice were i.v. boosted with 
antigen in PBS three days prior to bleeding them or removing the 
spleen for hybridoma fusions to produce monoclonal antibodies. 
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None of the mice immunized with Aj8 vaccines or the anti-Aj3 
ascites-producing mice displayed ill^effects even though some of 
th«se induced antibodies cross -react with mouse Aj3 and mouse 
amyloid precursor protein. 

ELISA . The presence of bound ant i -peptide antibodies was 
revealed by using a peroxidase -labeled ant i -mouse IgG probe 
followed by the chromogenic substrate (Engvall et al . , 
^Immunochemistry A 871-875 (1971). 

Binding Assay . Both A^.43 and A/J^were radiolabeled with 125 I. 
The iodinated peptide was separated from unlabeled material by 
HPLC to give essentially quantitative specific activity (-2000 
Ci/mmol) (Maggio et al., Proc. Natl. Acad%Sci. 89:5462 (1992)). 
125 I-Aj3j^3 probe was incubated for lh at u3°y with Hy media taken 
from hybridoma clones producing monoclonal anti-AjS antibodies. A 
standard polyethylene glycol separation method was used to detect 
the amount of 125 I-A0i-43 bound to antibody. 

fftBT-II: ELICITING MONOCLONAL ANTIBODIES WITH TRANSITION STATE 
ANTIGENS 



Transition state peptide antigens 

Different types of transition state peptide antigens were 
synthesized to use in the generation of antibodies which 
preferentially recognize (hydrolysis) transition states of A/3 at 
a predetermined amide linkage position. 

A series of statine (Sta) transition state analogs 
encompassing the carboxy- terminal region of A/J (Cys-Met-Val-Gly- 
Gly-Val/Sta-Val/Sta-Ile/Sta-Ala-Thr) were synthesized. 
Replacement of the proposed scissile peptide linkage between 
Val39 and Val^Q Val 40 and Ile 4 i -^Ei and Ile 41 and Ala^j^ 
with a "statyl" moiety (-CH0H-CH 2 -CO-NH-) was designed to elicit 
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catalytic antibodies that hydrolytically cleave A0 at one of 
these sites (Figure 6) . A Cys residue was placed at the N- 
terminal position of these peptides to provide a suitable linkage 
group for coupling to a maleimide-activated carrier protein. 

A series of phenylalanine statine (PhSta) transition state 
analogs encompassing the central region of A/3 (Cys-Tyr-Glu-Val- 
His-His-Gln-Lys-Leu-Val-Phe/PhSta-Phe/PhSta-Ala-Glu-Asp-Val-Gly- 
amide) was synthesized in this laboratory (Fig. 7) . 

Replacement of the proposed scissile peptide linkage between 
Phe^ and Phe^jt^ anci^Fh^O and Ala 2 it$ with a statyl moiety (- 
CHOH-C^-CO-NH- ) was designed to elicit catalytic antibodies that 
hydrolytically cleave A/J at these sites (Figure 7) . A Cys 
residue was placed at the C-terminus of these peptides to provide 
a sulfhydryl linkage group for coupling the peptides to 
antigenic, maleimide-activated carrier proteins such as KLIL 

A structural comparison (Fig. 8) was made between the native 
A)? peptide and the transition state phenylalanine statine A0 
peptide using a graphics workstation. An energy minimization 
algorithm (2000 iterations) was applied to arrange each peptide 
in its most favorable conformation. 

The peptide link -CO-NH- between Phe 19 and Phe^ was replaced 
with an elongated "statyl" moiety - CHOH - CH2 - CO-NH - and an energy 
minimization was applied. This orientation shows the difference 
between the planar peptide link -CO-NH- of natural AjS (left) 
versus the extended, tetrahedral "statyl" moiety -CHOH-CH 2 -CO-NH- 
in the transition state peptide (right) . 

An antibody combining site complementary to a tetrahedral 
statine transition state analog will force the planar peptide 
bond of the A0 substrate into a transition state-like 
conformation. Such distortion should catalyze the cleavage of A0 
at that locus in the peptide sequence. 

A reduced peptide bond linkage can be easily placed at 
almost any site in the AjS molecule to produce a reduced peptide 
bond transition state analog. This analog can alscjbe used to 

1 av.a^.^-t)^^^^ . ^ 
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elicit catalytic antibodies* that will hydrolytically cleave A0 at 
the chosen site. The f4BS5fc reduced peptide bond transition state 
A0 analog made was the (Gln-Lys-Leu-Val-Phe-CH 2 -NH2*-Phe-Ala-Glu- 
Asp-Val-Gly-Cys-amide) central region peptide; [calculated 1,342 
(M+l); observed 1,344]. 

A structural comparison (Fig. 9) was made between the native 
A0 peptide and the reduced peptide bond transition state Aj3 
analog using a graphics workstation/Mkn energy minimization 
algorithm (2000 iterations) was app^jed to arrange each peptide 
J_n_i£^^ 

^__Jj£The peptide liHjT~ r CO : TIH r ~1^^ and Phe2Q was replaced 

with a reduced peptide bond -CH 2 -NH 2 + - and an energy minimization 
was applied-r^JThe orientation shown indicates the difference 
between the planar peptide link -CO-NH- of natural A0 (left) 
versus the corresponding tetrahedral moiety -CH2-NH2*-: in the 
reduced peptide bond transition state analog (right) J/ 

A phosphonamidate transition state analog of the carboxy- 
ter minal re gion nf Aft hagbeem fi ypthesized tFig. 1°) 

eplacement of the proposed scissile peptide linkage between 
Gly3g and Va^g "t^. with a phosphonamid ate moiety (-P0 2 ~-NH-) was 
designed to elicit catalytic antibodies that will hydrolytically 
cleave A# at this site. The N- acetyl -Cys residue was placed at 
the position of Leu*^ to provide a suitable linkage group for 
coupling this peptide to an antigenic carrier protein. The 
structures in Fig. 11 represent the putative t ran sition state for 
peptide hydrolysis by zinc peptidases jfgtT tne phosphon ate and 
phos phonamidat e mimics. Similar tetrahedral transition state 
intermediates are known to be formed by reaction with each of the 
four classes of proteolytic enzymes, the serine-, cysteine-, 
aspartic- and metallo-peptidases. 

Th^ synthesis of- Dhosphpnate Afl transition state analog 

it-Vfe^^ 

same 

phon&toidabe _t^arrslTiofi state 



imide) vri/i£ir follow! a similar scheme a: 
;es described for th 
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A structural comparison was made between the native Aj3 
peptide and the transition state phosphonamidate A0 peptide (Fig. 
12) using a graphics workstation. The peptide link -CO-NH- 
between Gly 3 g and Va^g was replaced with a phosphonamidate bond - 
P0 2 "-NH- and an energy minimization was applied. The orientation 
shown in Fig. 12 illustrates the difference between the planar 
peptide link -CO-NH- of native A0 (left) versus the (corresponding 
tetrahedral phosphonamidate bond -P0 2 "-NH- in the ttfans>t*ion 
state peptide (right) . 

An antibody combining site complementary to\£he tetrahedral 

11 /force the 
e left, into 
ort^effi was 
the AjS peptide at 



transition state analog on the right ofj 
normally planar bond of the Aj3 substrat 
a transition state-like conformation, 
expected to catalyze the hydi/S^ytic c 
the Glyjg-Val^g linkage. 




Immuni^tjj3J3^witJi transition sfcate peptide antigens 

Peptide antigeriSvWere coupled tp the immunogenic carrier KLH 
prfor to immunization o k, miceS 

Standard protocols w&re usb^J^ 5 immunize the Tg2576 
transgenic mice and BALB/c rnice with the KLH-linked A0 peptides 
described in the preceding sections. Briefly this procedure used 
i.p. iVjection of the different antigens emulsified in complete 
FreundsVdjuvant, followed by a second course in incomplete 
Freunds adjuvant. Thyee days/ prior to hybridoma fusion, the 
BALB/c micevwere boosted i.y/. with antigen in PBS. . 

A hybridoma fusion was performed using the spleen of a mouse 
immunized with \tfhe phenylalanine statine transition state AJ3-KLH 
antigen (Fig. 7Mand also the statine (Sta) transition state 
analogs encompassingjthe carboxy- terminal region of A0 (Fig. 6) 
(Cys-Met-Val-Gly-Gly-Val/Sta-Val/Sta-Ile/Sta-Ala-Thr) [SH: THESE 
WERE NOT THE ONLY TRANSITION STATE ANTIGENS USED TO GENERATE 
HYBRIDOMAS /MONOCLONAL ANTIBODIES . VR IS MAKING A TABLE CATALOGING 
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THB DIFFERENT TS ANALOGS, SITES MODIFIED AND MABS GENERATED] 

Demonstration of Afl binding by generated antibodies 

It was very important to demonstrate that the anti-AjS and 
anti-transition state Aj8 monoclonal antibodies bound to the 
natural AjS^ peptide which they were designed to sequester or 
cleave. To do this, Ajff^ and Aj3j_4 3 were radiolabeled with 125 I 
and the iodinated peptid^fLhan separated from unlabeled material 
by HPLC. Probe was incubated with either purified anti-A)3 
antibodies or media taken from hybridoma clones producing anti-Aj? 
antibodies. The amount of 125 I-Aj3j^3 bound to antibody was 
determined using a polyethylene glycol separation method. ^Results o^V^"" 
are presented in Table 6. 0>^£** /s \ 

The data in Table 6 demonstrate the ability of the purified 
5A11 monoclonal anti-A/i antibody to bind a high percent of 125 I- 
AjSj^q. This binding assay was used to screen clones and purified 
antibodies (Table 6) for their ability to bind AjS Qaartiw) . 
Similar procedures can also serve as the basis for a competitive 
displacement assay to measure the relative binding strength of 
different unlabeled AjS peptides very efficient catalytic 

antibodies this binding assay may have to be performed on ice to 
ensure that no cleavage of occurs during the lh incubation 
time^ The assay - will al-{-D**the rapid^jidentif1 Sateion -Q#-clones 
wi^ti produdidhigh affinity anti-A/3 antibodies. 

Table 6 ^I-AjS^ Binding to a Purified Monoclonal Anti-A/3 Antibody * 

^I-AjS,^ Bound Specifically Bound 
Addition (cpm) (% of total added) 

Control 8,560 

+ 5A11 anti-A0 64,589 79 
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obtained using the phenylalanine statine transition state A/3-KLH 



the normal AjS^ peptide and to the phenylalanine statine 
transition state AjS peptide. Two major patterns were found (Fig. 



One group of antibodies (the left portion of Fig. 13) bound 
to the immunizing transition state peptide and cross-reacted 
strongly with the native AjSj^ peptide^wbea*- each was adsorbed 
directly onto the ELISA plate), ^^second group (the right 
portion) showed a high binding preference for the phenylalanine 
statine transition state A0 peptide and reacted minimally with 
native AjSj^. 

Strong color reactions were obtained in this ELISA using 
only 10 /il of hybridoma supernatant while Hy media alone or PBS 
gave a low background (Fig. 13) . These results demonstrate that 
the comparative ELISA screen, although only a^semitquantitative 
measure of binding, provides a means for cfeeesitig VnirQclonal 
antibodies that are highly selective for, and most reactive with, 
the transition state. Importantly, fcke— fetib odieb 1 boiineh-tty-tfieT 
carrier-free Aj3 pep tide s adsorbed directly onto microtitre 
plates, s1iowing*~£ h eTr^^^^^L f i c i t y for t3tg? peptide^v^tH^-tU^ "iV—^ 

These findings indicate that several of the generated anti- 
AjS transition state antibodies were unique. They bound to both 
the phenylalanine statine- and normal-A/3 peptides. Their 
selective recognition of the transition state and weaker cross- 
reaction with native however ^indicates that this binding 
interaction is very different from that shown by conventional 
anti-native A/3 antibodies. It further indicates that these new 
antibodies may be able to force the native Aj3 peptide into a 
conformation resembling the transition state for hydrolytic 
cleavage. Importantly, some of the antibodies which showed only 



antigen 




their binding to both 



13). 



V 



-31- 

minimal binding to AjSj^ in this ELISA, did display cross- 
reactivity with the natural peptide using a highly sensitive 125 I- 
Aj3j_43 binding assay (Table 6). 

ELISAs were also performed to investigate the binding of 
anti-statine analog antibodies to both the normal AjS^ peptide 
and to the statine transition state A/? peptide (Pig. 14) ♦ The 
antibodies bound to the C-terminal locus on these carrier-free Aj8 
peptides(adsorbed directly to the microtitre plate^) confirming 
their anti-peptide specificity. Most of the antibodies 
preferentially recognized the statine Aj3 transition state but 
cross-reacted with native AjJ^. This indicates that these new 
antibodies are able to force the native Aj3 peptide into a 
conformation resembling the transition state for hydrolytic 
cleavage of its C-terminal amino acids. Such cleavage is 
predicted to convert A/J^ into potentially less harmful shorter 
peptides, like A/^^g or A/J^g. 

Clone 11E9 had the strongest preference for the statine 
analog and may be the most likely to have catalytic activity 
(Fig. 14) . Several clones displayed no difference in their 
reactivity with the native versus statine transition state A)3 
peptide. The clones were also tested with A^j^q to identify 
antibodies which do not react with this shortened, 40 amino acid 
version of A0 (Fig. 14) . Used therapeutically, such antibodies 
should preferentially bind/cleave the less abundant but more 
noxious A/?|_43 species in the bloody as opposed to the smaller and 

less detrimental AjS^. 

Solid phase and TLC Afl proteolytic assays 

A solid phase 125 I-labeled A/3 assay was developed to screen 
anti-transition state antibody hybridoma supernatants for 
specific proteolytic activity. The peptide Cys-His-Gln-Lys-Leu- 
Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr-amide (SEQ ID NO: 5) which 
encompasses amino acids 14-25 of A)3 was radiolabeled and coupled 



-32- 

to a thiol-reactive, iodoacetyl-Sepharose gel to form an 
irreversible linkage. The product was contacted with anti- 
transition state antibody and assayed for the progressive release 
of soluble 125 I -peptide from the solid phase matrix. Release of 
radioactivity from the 125 I-Aj3-Sepharose was used to identify 
catalytic activity (Fig. 15) . The assay was verified by the 
ability of several different proteases to rapidly hydrolyze this 
Sepharose- linked A/3 substrate. The peptide was readily 
accessible to proteolytic cleavage as revealed by a release of 
soluble 125 I-peptide that increased with incubation time. 

The results presented in Figure 15 indicate that the 
antibody- containing media of several clones released 125 I -peptide 
at a greater rate than other clones from this fusion or the PBS 
and Hy medium controls. Large amounts of these antibodies can be 
obtained, purified and tested at higher concentrations to achieve 
much faster rates of cleavage and to verify that the antibodies 
are acting in a catalytic mode using conventional enzyme 
kinetics. By changing the composition of the 125 I -peptide this 
same strategy can be used to assay antibodies reactive with 
different regions of A0. 

A thin layer chromatography-based autoradiography assay was 
devised to obtain more definitive evidence for antibody-mediated 
cleavage of A0. Selected ant i -phenyl alanine statine A/3 
transition state clones were expanded and ascites production 
induced. The different monoclonal antibodies were isolated using 
protein A-Sepharose. Two 125 I-labeled peptides^ 1 ^tA)3 1 ^q and a 17- 
mer, encompassing amino acids 9-25 of A/3, were used to test for 
peptide cleavage. The antibodies were added to the 125 i- 
peptides, allowed to incubate and the reaction mix spotted onto 
polyamide thin layer sheets which were then developed in 
different solvents. The migration of A ^ J I-products was followed 
by exposing the sheet using a quantitative phosphoimager system* 
Quantitation of the different l^U,nd labeled peptide fragments 
produced indicated that addition of the antibodies to the Aj3 
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peptides lead to significant break, down of the hfi peptides 
compared to the untreated peptides (PBS) . 

Disaggregation of fl-amvloid by monoclonal antibodies \ 

The self -aggregation of synthetic A/3 peptides lead^o 
microscopic structures resembling amyloid plaques in the brain 
(Solomon et al., Proc. Natl. Acad. Sci. USA 94: 4109-12 (1997); 
Solomon et al., Proc. Natl. Acad. Sci. USA 93: 452-5 (1996)) 
which exhibit the same bright green fluorescence upon exposure to 
thioflavin T. These aggregates are very stable and usually 
require harsh detergents or strong acids to . dissolve. However, 
it has been demonstrated that the binding of certain anti-Aj8 
monoclonal antibodies can effectively inhibit the initial 
aggregation of this peptide and also disaggregate preformed Aj3 
complexes (Solomon et al., Proc. Natl. Acad. Sci. USA 94: 4109-12 
(1997); Solomon et al., Proc. Natl. Acad. Sci. USA 93: 452-5 
(1996)). 

A radioactive assay ^Qgy^se d to ^^ickly screy^ the f erent 
monoclonal antibodies pssJScSS dissolve 
preformed AjS aggregates^ made with 125 I- labeled and unlabeled 
soluble A0 peptide. An aliquot of the labeled aggregate was 
incubated with either PBS, the 5A11 anti-AjS antibody or an equal 
amount of an irrelevant mouse antibody (7D3, anti-human 
transferrin receptor); and the level of released radioactivity was 
measured (Table 7) . ThgL-iflCt ^fcfaat ^he Aj8-specific 5A11 antibody 
solubilized 80% of the Aj3 aggregates while an equal amount of the 
control antibody had only a minor ef feet ^suggest^ that the 
equilibrium was displaced by antibody-mediated binding of soluble 
A0. 



Table 7 Solubilization of ^I-AjEJ,^ Aggregate by Monoclonal Anti- A/3 Antibody 



Addition 



I-AjS^in Ppt. Amount Solubilized 
(cpm) (% of PBS Control) 
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PBS control 



3,420 



+ 5A11 anti-A/3 



676 



80 



+ 7D3 anti-TfR 



2,458 



27 



Production of Vectorized Ariti -Afl /Ant i -Receptor Bispecific 
Antibodies 

Anti-AjS antibodies were linked to anti-transferrin receptor 
antibodies (anti-TfR) which served as vectors for delivery of the 
anti-A£ antibodies into the brain. The 7D3 mouse monoclonal 
antibody was used as the anti-TfR part of the construct. 7D3 is 
specific for the human receptor and selectively immunostains 
cortical capillaries in normal human brain tissue (Recht et al., 
J Neurosurg 72: 941-945 (1990)). Antibody attachment to the 
receptor is not blocked by an excess of human transferrin. The 
epitope recognized by this antibody is therefore distant from the 
receptor -ligand binding site. Bispecific antibodies constructed 
with this 7D3 antibody and an anti-AjS antibody are predicted to 
be useful for therapy in patients with Alzheimer's disease. 
S^^ned.^th theOD3* Ant^TfR (Rect^t et al^, J Neurosurg JT^AI- 
945\(>490) possibly fois^jopecliik.s^ primates, ^ 

For studies in the transgenic mouse model of Alzheimer's 
disease an anti -mouse transferrin receptor monoclonal antibody 
produced in the rat was obtained. This antibody also appears to 
recognize a transferrin receptor epitope which does not involve 
ligand binding. The antibody therefore has no effect on cell 
proliferation when togbcd using murine lines. 

A series of functional assays were performed after 
completion of the synthesis, purification and size analysis of 
the anti -Aj3/anti -transferrin receptor bispecific antibodies. 
The vectorized bispecific antibody, composed of a rat monoclonal 
antibody directed against the mouse transferrin receptor plus the 
5A11 mouse anti-AjS monoclonal antibody, was tested for the 
ability to attach to transferrin receptor bearing human cells. 
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Both components of the bispecific antibody were detected on the 
cell membrane by cytof luorimetry (Fig. 16) when this duplex was 
reacted with transferrin receptor positive mouse cells and probed 
using either a rat IgG-specific or mouse IgG- specific fluorescent 
secondary antibody reagent. 

The capacity of the hybrid reagent to bind 125 I-Aj8 compared 
favorably with that of the parent anti-AjS antibody (Table 8) . 

Table 8 m hAfi Binding to Bispecific Antibody 

^I-AjS^ Bound 

Addition fcpm) 

Control ' 4,199 

+ anti-A0 23,301 
+ anti-Aj3/anti-receptor 22,850 



To ensure that both of these binding activities resided on 
the .bispecific antibody, transferrin receptor positive cells were 
treated with the hybrid reagent, unbound material was washed 
away, and then the cells with bound antibody was exposed to 125 i- 
AjSj^g. After washing away unbound A/J, the cell-bound 
radioactivity was compared to control cells which had been 
identically prepared except for omission of pretreatment with 
bispecific antibody. The results are presented in Table 9, and 
verify the dual specificity of this bispecific antibody by 
clearly showing that it can simultaneously attach to the cell 
membrane and bind 125 I-Aj3 l ^ 0 . 
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Table 9 Bispecific Antibody-Mediated Binding of ^I-AjS to Receptor-Positive Cells 

Pretreatment of Cells m hA3^ Bound (com) 

None 2,367 
+ anti-Aj3/anti-transferrin receptor 1 1 ,476 



Transcvtosis of bispecific antibody into the brain 

A rat monoclonal anti-mouse transferrin receptor antibody 
was coupled to a mouse monoclonal antibody ^obtained from 
American Type Culture Collection (ATCC TIB 219), also designated 
R17 217.1.3 (Cell. Immunol. 83: 14-25 (1984))) so that the entry 
of this new vectorized bispecific construct into brain could be 
monitored. The bispecific antibody was labeled with 125 I and 
injected i.v. into normal mice. After different lengths of time 
the mice were sacrificed and the amount of 125 I-bispecif ic 
antibody that crossed the blood-brain barrier and entered the 
brain was gauged by a mouse capillary depletion method (Friden et 
al., J. Pharm. Exper. Ther. 278:1491-1498 (1996); Triguero et 
al., J. Neurochem. 54: 1882-1888 (1990)). 

The amount of vectorized bispecific antibody found in the 
brain parenchyma or brain capillary fractions was measured 
following differential density centrifugation of the brain 
homogenate. These values were plotted as a function of time 
after i.v. injection (Fig. 17). The time -dependent 
redistribution of radiolabeled bispecific antibody from the 
capillaries and into the parenchyma was consistent with its 
passage across the cerebral endothelial blood-brain barrier 
(Joachim et al., Nature 341: 6239:226-30 (1989)). Even greater 
accumulation in the parenchyma is expected to occur if the 
antibodies attach to Aj8 in the cerebral plaques of plaque-bearing 
mice . 
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Monitoring the brain distribution of bispecific antibody in live 
mice 

The ability to follow the entry and accumulation of 
vectorized bispecific antibodies in the brain of live mice would 
greatly assist in the development of the intracerebral treatment 
of plaque -bearing mice. Such a development would enable time- 
course studies and would greatly reduce problems with inter-mouse 
variability. Preliminary studies with 125 I-labeled bispecific 
antibodies were performed to determine if immunoscintigraphy was 
feasible in this system. As a first step, either the 
radiolabeled vectorized bispecific antibody ( 125 I-R17/5A11) or a 
non-vectorized control bispecific antibody were 
administered CC^/to separate mice. Sequential brain images were 
accumulated at 1, 6, 24 and 48 hours following i.v. 
administration of the 125 I-labeled bispecific antibody probes. 
Although this technique suffered from a difficulty in determining 
how much of the signal was due to the levels of blood-borne 
radioactivity circulating through the brain, significant 
distinctions were noted in the brain of mice treated with the 
mouse transferrin receptor' reactive bispecific antibody versus 
those receiving the control bispecific antibody. When the 
vectorized agent was used, brain levels increased between 1 and 6 
hrs and then declined to a much lower level at 24 and 48 hrs. 
Mice treated with the control displayed no increase between 1 and 
6 hrs.- The reason for decreased brain levels at 24 hrs and 
beyond is not known but might be due to dehalogenation of ^the 
bispecific antibody probes so that free t25 I is released rwhxcft 
ex^fcs^t hfr-kaeaiTrr Alternative methods utilizing radioactive 
labels such as 111 In (Sheldon et al., Nucl. Med. Biol. 18:519-526 
(1991)) or"*Tc (Texic et al., Nucl. Med. Biol. 22:451-457 
(1995)) attached to the vectorized bispecific antibody can be 
utilized in future experiments if the use of iodine presents a 
technical problem. This imaging technology will be useful for 
determining if smaller vectorized bispecific antibodies (eg. 
F(ab') 2 ) with different physical properties and an altered 



/ 
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biodistribution will penetrate intd the brain more effectively. 

Ftab'^heterodimers for vector-mediated transport into the brain 
The introduction of whole antibodies into the brain might be 
detrimental if they were to fix complement and promote 
complement -mediated lysis of neuronal cells. The development of 
smaller vectorized F(ab' ) 2 bispecif ic reagents is expected to 
avoid this problem. It has been shown that aggregated Aj3 itself 
can fix complement in the absence of any antibody and that the 
resulting inflammation may contribute to the pathology of 
Alzheimer's disease. The possibility of intracerebral antibody 
having a similar effect would be greatly reduced by eliminating 
the Fc region of the antibody. Moreover, since coupling of Fab' 
halves uses the intrinsic hinge region cysteines, no extraneous 
substituent linkage groups neecL^ be added. 

Faster or more efficient entry into the brain represents 
another potential advantage that smaller F(ab') 2 or Fv 2 reagents 
provide for intracerebral delivery. Such modified bispecific 
agents can be prepared and compared **ilh full -sized hybrid 
antibodies for the^ge relative effectiveness in reaching the 
brain, crossing the blood-brain barrier^ and affecting AjS plaque 
development, by the methods described herein. It is important to 
note however that only minor differences were found when the 
capacity of differently-sized anti-transferrin receptor 
bispecific reagents for delivering toxins into cells by receptor- 
mediated endocytosis was compared (Raso et al., J. Biol. Chem. 
272: 27623-27628 (1997)). This observation might indicate that 
little variation will be seen for transcytosis across the brain 
capillary endothelial cells which form the blood-brain barrier. 
At the very least however one would expect the two types of 
vectorized molecules to have different biodistribution and plasma 
half-life characteristics (Spiegelberg et al., J. Exp. Med. 121: 
323 (1965) ) . 
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Materials and Methods 

Antigen synthesis . The statine and phenylalanine statine 
transition state peptides were synthesized using automated Fmoc 
chemistry. Fmoc-statine (Sta) , [N-Fmoc- (3S,4S) -4-amino-3- 
hydroxy- 6 -methyl heptanoic acid] and Fmoc- "phenylalanine statine" 
(PhSta) , [N-Fmoc- (33,4s) -4-amino-3-hydroxy-5-phenylpentanoic 
acid] were purchased commercially. Each peptide was tested for 
purity by HPLC and its composition was verified by mass spectral 
and amino acid analysis. The design strategy and methods for 
synthesizing phosphonamidate- and phosphonate -based transition 
state peptides are straightforward (Bartlett et al. f Am. Chem. 
Society 22:4618-4624 (1983); Bartlett et al. f Biochemistry 
26:8553-8561 (1987)). The N-terminal portion of the peptide (N- 
acetyl-Cys-Met-Val-Gly) was made using standard automated Fmoc 
chemistry. After cleavage from the resin the N- acetyl 
tetrapeptide was treated with pyridine disulfide to protect its 
sulfhydryl group. An acid chloride of Cbz-glycine phosphonate 
monomethyl ester (Bartlett et al., Am. Chem. Society 22 :4618-4624 
(1983); Bartlett et al.. Biochemistry 26 :8553-8561 (1987)) was 
coupled with Val-Val-Ile-Ala-amide which was synthesized by 
automated Fmoc chemistry. The last amino acid of Aj8, Thr, was 
omitted due to potential problems with its unprotected hydroxyl 
group. The product, Cbz-Gly-P0 2 *-NH-Val-Val-Ile-Ala- amide has a 
phosphonamidate (methyl ester) bond between the Gly and Val 
residues. Next, the Cbz blocking group was removed using 
hydrogen so that the protected N-acetyl-Cys-Met-Val-Gly peptide 
could be added to the amino terminal end of this transition state 
peptide by HBTU-activated peptide linkage. Treatment with 
mercaptoethanol and rabbit liver esterase was used to deblock the 
peptide. Each key component in the synthetic scheme was tested 
for purity by HPLC and its composition was verified by mass 



was placed at the indicated sites in the AjS molecule. Automated 
Fmoc chemistry was used to begin synthesis of the peptide. A 



spectral and amino 




linkage 
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pre- synthesized Fmoc amino aldehyde was then added manually and 
after the imide was reduced, automated synthesis was resumed 
(Meyer et al. # J. Med. Chem. 38:3462-3468 (1995)). 

Coupling of antigen to carrier . The native and transition state 
A0 peptides were coupled to maleimide-activated KLH by standard 
procedures (Partis et al., J. Pro. Chem 2: 263-277 (1983), in 
order to elicit an immune response. A Cys residue was 
strategically placed at the N- or C-terminal end of the peptides 
to provide a suitable linkage group for coupling them via a 
thioether bond to maleimide activated carrier proteins. This 
stable linkage attaches the peptide in a defined orientation. 
Addition of -20 peptides/KLH has been obtained based upon the 
transition state amino acid content as determined by amino acid 
analysis of the hydrolyzed conjugates (Tsao et al., Anal. 
Biochem. 197: 137-142 (1991)). 

Immunization of mice . Standard protocols were used to immunize 
the Tg2576 transgenic mice and BALB/c mice with the KLH-linked Aj3 
peptides described in the preceding sections. Briefly this 
procedure used i.p. injection of the different antigens 
emulsified in complete Freunds adjuvant, followed by a second 
course in incomplete Freunds adjuvant. Three days prior to the 
hybridoma fusion, the BALB/c mice were boosted i.v. with antigen 
in PBS . 

A/3 antigens will be emulsified in complete Freunds adjuvant 
and injected i.p. into BALB/c mice. After -1 month animals were 
given a boost i.p. using the antigen emulsified with incomplete 
adjuvant. Serum from these animals was analyzed for anti-peptide 
antibodies by ELISA. BALB/c mice showing abundant antibody 
production were boosted by an i.v, injection with antigen and 
three days later they were used to generate hybridoma clones that 
secrete monoclonal antibodies. 

None of the mice immunized with Aj3 vaccines or the anti-A/? 
ascites-producing mice displayed ill effects even though some of 
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those induced antibodies cross-react with mouse AjS and mouse 
amyloid precursor protein. 

Hvbridoma production I . A hybridoma fusion was performed using 
the spleen of a mouse immunized with the phenylalanine statine 
transition state A0-KLH antigen. Spleen cells from mice with the 
highest titre were fused with mouse myeloma NS-1 cells to 
establish hybridomas according to standard procedures (Kohler et 
al., Nature 256:495 (1975); R. H. Kennett, Fusion Protocols. 
Monoclonal Antibodies, eds. R.H. Kennett, T.J. McKearn and K.B. 
Bechtol. Plenum Press, New York. 365-367 pp. (1980)). 

-Afl binding assay . Aj8 140 and Aj3 M3 were radiolabeled with 125 I 
and the iodinated peptide then separated from unlabeled material 
by HPLC to give quantitative specific activity (-2000 Ci/mmol) 
(Maggio et al., Proc. Natl. Acad. Sci. 89:5462-5466 (1992)). 
This probe was incubated for lh at 23°C with either purified 
anti-A|3 antibodies or media taken from hybridoma clones producing > 
anti-A0 antibodies. A polyethylene glycol separation method was 
used to detect the amount of 125 I-Aj8 l43 bound to antibody. By 
using serial dilution, this assay can provide relative binding 
affinities for the different hybridoma supernatants or purified 
antibodies. 

Solid phase Aj3 proteolytic assay . A solid phase 125 I-labeled Aj3 
assay was developed to screen anti- transit ion state antibody 
hybridoma supernatants for specific proteolytic activity. The 
Cys-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr-amide 
peptide (SEQ ID NO:S>) encompassing amino acids 14-25 of Aj3 was 
radiolabeled with 125 I and the iodinated peptide was then 
separated from unlabeled material by HPLC. The highly 
radioactive Aj3 peptide was coupled to a thiol-reactive, 
iodoacetyl-Sepharose gel to form an irreversible linkage. 
Antibodies were added to the labeled Aj3, which was then assayed 
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for progressive release of soluble 125 I -peptide from the solid 
phase matrix at pH 7, 25*C. This assay was verified by the 
ability of several different proteases in to rapidly hydrolyze 
this Sepharose- linked A0 substrate. Release of soluble 125 I- 
peptide increased with incubation time. 

Although Aj3 is cleaved by several naturally occurring 
proteases, preliminary tests indicated that interference from 
high levels of background hydrolysis was not a problem when 
assaying hybridoma supernatants of clones that did produce 
catalytic antibodies. A further precaution that can be taken 
against exogenous proteases is carrying out all hybridoma cell 
fusions and cell culturing in serum-free media. 

TLC AjS proteolytic assay . A thin layer chromatography -based 
autoradiography assay was used to obtain more definitive evidence 
for antibody-mediated cleavage of Aj8. Selected anti- 
phenylalanine statine A0 transition state clones were expanded 
and ascites production induced. The different monoclonal 
antibodies were isolated using protein A-Sepharose. The cleavage 
assay used 125 I-Aj8|^q and an 125 I-labeled 17-mer, encompassing amino 
acids 9-25 of A0. Binding of the two 125 I- labeled peptides to the 
purified monoclonal antibodies 5A11 and 6E2 was examined using 
either a PEG precipitation assay or by a co-electrophoresis 
method. Peptide cleavage was tested by adding the antibodies to 
the l2 ^I -peptides, incubating and then spotting the reaction mix 
onto polyamide thin layer sheets. The chromatographs were 
developed in different solvents (eg. 0.5 N HC1 # 0.5 N NaOH or pH 
7 phosphate buffer) and the migration of 125 I -products was 
followed by exposing the sheet using a quantitative phosphoimager 
system. 

Screen and isolate select anti-Aj3 antibodies . An ELISA was used 
to initially screen for anti-AjS and anti-transition state A/J 
peptide monoclonal antibodies. Both the transition state peptide 
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and the corresponding natural Aj3 peptide were adsorbed onto 
separate microtitre plates. The hybridoma supernatants were 
screened using two assays so that the relative binding to, both 
native and transition state A0 peptides could be quantitated. 
Clones producing monoclonal antibodies that preferentially 
recognized the transition state or bound AjS with high affinity 
were selected for expansion and further study. 

Propagation and purification of monoclonal antibodies . Selected 
clones producing anti-A/i antibodies and clones producing anti- 
receptor antibodies were injected into separate pristane -primed 
mice. Ascites were collected and the specific monoclonal 
antibodies isolated. Purification of antibodies from ascites was 
accomplished using a Protein A column or alternatively, 
antibodies were isolated from ascites fluid by (NH 4 ) 2 S0 4 
precipitation and passage over an S-300 column to obtain the 150 
kDa immunoglobulin fraction. Monovalent Fab fragments were 
prepared and isolated by established methods. Their purity was 
evaluated by SDS-PAGE under reducing and non-reducing conditions. 
50-100 mg of purified monoclonal antibody was routinely obtained 
from each ascites -bearing mouse. 

Further characterization of catalytic activity on Afl substrates . 
To fully define the hydrolytic properties of the isolated anti- 
transition state antibodies some very important controls can be 
run. First the ability to completely block catalytic antibody • 
activity with the appropriate transition state peptide can be 
verified. This non-cleavable "inhibitor" should bind much more 
tightly to the antibody combining sites and thereby prevent 
substrate binding or cleavage. Substrate specificity can be 
further established by showing no cleavage of a sham Aj3 peptide 
having a different amino acid sequence. The products of 
hydrolysis can also be fully characterized by HPLC, amino acid 
and mass spectral analysis. Control antibodies that are not 
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directed against the transition state Aj8 can be tested and 
confirmed to produce no catalysis. Finally, catalytic activity 
can be shown to reside in the purified Fab fragments of the anti- 
transition state antibody. 

Purified anti-Aff antibodies dissolve preformed Afl aggregates . 
(Walker et al., Soc. Neurosci. Abstr. 21:257 (1995), Zlokovic, 
B.V. Life Sciences 59: 1483-1497 (1996)), A0 precipitates were 
formed and measured in vitro (Yankner et al., Science 250: 279- 
282 (1990), Kowall et al., Proc. Natl. Acad. Sci. 88: 7247-7251 
(1991)). A radioactive assay was used to quickly screen the 
different monoclonal antibodies produced for an ability to 
dissolve preformed Aj8 aggregates. After adding 125 I-Aj8to 
unlabeled soluble peptide, aggregates were formed by bringing the 
solution to pH 5 or by stirring it overnight in PBS. An aliquot 
of the labeled aggregate was incubated for 1 hr with either PBS, 
the 5 All ant i -A/3 antibody or an equal amount of an irrelevant 
mouse antibody (7D3, anti-human transferrin receptor) . After 
centrifugation, the level of radioactivity in the precipitate was 
measured. 

Generation of vectorized anti-Afl/anti-receptor bispecific 
antibodies . The anti-AjS antibodies^ were chemically coupled to 
anti-human transferrin receptor and anti -mouse transferrin 
receptor antibodies by different methods (Raso et al., J. Biol. 
Chem. 272: 27623-27628 (1997); Raso et al., Monoclonal antibodies 
as cell targeted carriers of covalently and non-covalently 
attached toxins. In Receptor mediated targeting of drugs, vol. 
82. G. Gregoriadis, G. Post, J. Senior and A. Trouet, editors. 
NATO Advanced Studies Inst., New York. 119-138 (1984)). A rapid 
thioether linkage technique was used to form strictly bispecific 
hybrids using Traut's reagent and the heterobifunctional SMBP 
reagent. One component was sparingly substituted with thiol 
groups (SH) . These readily reacted to form a thioether linkage 
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upon mixture with the maleimido-substituted (M) second component 
following the reaction: 

Ab A -SH + Abg-M -> Ab A -S-Ab B 

Gel filtration of the reaction mixture on an S-300 column 
yielded the purified dimer which was' 300 kDa and had two sites 
for binding A0 plus two sites for attachment to transferrin 
receptors on brain capillary endothelial cells. Non-targeted 
conttol hybrids were formed by linking a nonspecific MOPC 
antibody to the anti-A0 antibody. This hybrid antibody does bind 
Aj3, but, being non- reactive with transferrin receptors, should 
not cross the blood-brain barrier. 

F(ab') 2 fragments of the two different antibody types can 
similarly be thioet her- linked to form Fc-devoid reagents that 
cannot bind complement which might otherwise cause neurotoxic 
effects. These smaller bispecific hybrids (100 kDa) can be 
formed by reducing the intrinsic disulfides which link the heavy 
chains of F(ab')2 fragments (Raso et al., J. Immunol. 125:2610- 
2616 (1980)). The thiols generated are stabilized and Ellman's 
reagent (E) is used to activate these groups on one of the 
components (Brennan et all, Science 229: 81-83 (1985)). 
Exclusively bispecific F(ab'>2 hybrids can be formed upon mixing 
the reduced Fab' with an activated Fab' having the alternate 
specificity according to the reaction: 

Fab' A -SH + Fab' B -SS-E -* Fab' A -SS-Fab' B + E-SH 

Purification on an S-200 column will isolate hybrids with 
one site for binding A/3 and one site for interaction with the 
target epitope on the brain capillary endothelial cells. 

A similar approach can be used to make even smaller 
disulfide-linked single chain Fv heterobispecif ic dimers, Fv A -SS- 
Fv B (50 kDa), to cross the blood-brain barrier. Soluble Fvs can 
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be constructed to possess a carboxyl- terminal cysteine to 
facilitate the disulfide exchange shown in the reaction below, 
and create 50 kDa heterodimers exclusively: 

Fv A -SH + Fv B -SS-E -» Fv A -SS-Pv B + E-SH 

In side by side comparisons between whole antibody and 
either Fab' or Pv based bispecific reagents, the latter have 
proven to be moderately more effective on a molar basis for cell 
uptake via the transferrin receptor-mediated pathway (Raso et 
al., J. Biol. Chem. 272: 27623-27628 (1997)). Since these, 
smaller constructs are monovalent for the cell-surface epitope, 
those findings dispel the notion that cross-linking of two 
surface receptors is necessary for the cellular uptake of 
immunocomplexes . 

Functional assays for dual binding activity of bispecific 
antibodies . The capacity of the hybrid reagent to bind 125 I-Aj3 
was compared with that of the parent anti-Aj8 antibody in a 
standard PEG binding assay (see Table 8 for binding assays) . 

The ability of the appropriate bispecific antibodies to 
attach to transferrin receptor bearing human or mouse cells was 
confirmed by cytofluorimetry. The bispecific antibody was 
reacted with transferrin receptor positive human or mouse cells 
and probed using either a rat IgG-specific or mouse IgG-specific 
fluorescent secondary antibody reagent. 

Measurement of AB binding using 125 I-Afl and a polyethylene glycol 
separation . To ensure bispecif icity, hybrid reagents were tested 
for a capacity to mediate the attachment of 125 I-Aj3 to receptor- 
bearing cells. Transferrin receptor positive cells were treated 
with the hybrid reagent, washed away unbound material and then 
exposed these cells to 125 I-A)3j^q. The cells were washed and the 
amount of cell -bound radioactivity was compared to control cells 
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which had been identically prepared except that pretreatment with 
bispecific antibody was omitted. 

Capillary depletion . The bispecific antibody was labeled with 
125 I and injected i.v. into normal mice. After different lengths 
of time the mice were sacrificed and the amount of 125 I -bispecific 
antibody that crossed the blood-brain barrier and entered the 
brain was gauged by a mouse capillary depletion method (Friden et 
al., J. Pharm. Exper. Ther. 278:1491-1498 (1996); Triguero et 
al., J. Neurochem. 54: 1882-1888 (1990)). The amount of 
vectorized bispecific antibody found in the brain parenchyma or 
brain capillary fractions was measured following differential 
density centrifugation of the brain homogenate. These values 
were plotted as a function of time after i.v. injection. 
Progressive passage from capillaries into the parenchyma 
indicates active transcytosis across the blood-brain barrier. 

Immunoscintigraphv . A non- invasive method for monitoring 
intracerebral delivery process which involves visualizing the 
entry of a radiolabeled bispecific antibody into the brain of 
live mice, can also be used. Radiolabeled vectorized bispecific 
antibody ( 125 I-R17/5A11) or a non-vectorized control bispecific 
antibody were administered to separate mice. Sequential brain 
images were accumulated at 1, 6, 24 and 48 hours following i.v. 
administration of the . 125 I-labeled bispecific antibody probes. 
The animals were chemically immobilized during exposure using 
ketamine/xylazine anesthesia. This imaging technology could be 
very useful for determining if circulating anti-A# antibodies 
will prevent i.v. administered 125 I-A0 from entering the brain. 
Digital scintigraphy data was quantified using standards and the 
integration functions provided in the analysis software. 




-48- 



1. An antibody which catalyzed hydrolysis of jS-amyloid at a 
predetermined amide linkage. 

2. The antibody of Claim 1 which catalyzes hydrolysis of the 



amide linkage between residues X and Y of ]8-amyloid. 
[VR: THE APPROPRIATE RESIDUES WILL BE FILLED IN FOR EACH OF THE 



3. The antibody of Claim 1 which preferentially binds a 
transition state analog which mimics the transition state 
adopted by jff-amyloid during hydrolysis at a predetermined 
amide linkage, and also binds to natural 0- amyloid with 
sufficient affinity to detect using an ELISA. 

4. The antibody of Claim 1 which preferentially binds a 
transition state analog which mimics the transition state 
adopted by j8-amyloid during hydrolysis at a predetermined 
amide linkage, and does not bind natural jS-amyloid with 
sufficient affinity to detect using an ELISA. 

5. A vectorized antibody which is characterized by the ability 
to cross the blood brain barrier and the ability to catalyze 
the hydrolysis of j3-amyloid at a predetermined amide 
linkage. • 

6. The vectorized antibody of Claim 5 which is a bispecific 
antibody. 

7. The vectorized antibody of Claim 6 which has a first 
specificity for the transferrin receptor and a second 
specificity for a transition state adopted by j3-amyloid 
during hydrolysis. 



DIFFERENT CATALYTIC ANTIBODIES] 
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8. The vectorized antibody of Claim 7 which catalyzes 
hydrolysis of jS- amyloid between residues X and Y. 

[VR: THE APPROPRIATE RESIDUES WILL BE FILLED IN FOR EACH OF THE 
DIFFERENT CATALYTIC ANTIBODIES] 

9. A method for sequestering free jS-amyloid in the bloodstream 
of an animal, comprising the steps: 

a) providing antibodies specific for 0-amyloid; and 

b) intravenously administering the antibodies to the 
animal in an amount sufficient to increase retention of 
j8-amyloid in the circulation. 

10. A method for sequestering free j8-amyloid in the bloodstream 
of an animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on j3-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous j3-amyloid. 

11. A method for reducing levels of 0-amyloid in the brain of an 
animal, comprising the steps: 

a) providing antibodies specific for /J-amyloid endogenous 
to the animal; and 

b) intravenously administering the antibodies to the . 
animal in an amount sufficient to increase retention of 
jS-amyloid in the circulation of the animal. 

12. The method of Claim 11 wherein the antibodies specific for 
/3-amyloid are catalytic antibodies which catalyze hydrolysis 
of /?-amyloid at a predetermined amide linkage. 

13. The method of Claim 11 wherein the antibodies are 
monoclonal . 
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14. The method of Claim 11 wherein the antibodies are 
polyclonal . 

15. The method of Claim 11 wherein the antibodies specifically 
recognize epitopes on the C-terminus of jS-amyloid,,^. 

16. A method for reducing levels of j8-amyloid in the brain of an 
animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on j3-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous j8-amyloid. 

17. The method of Claim 16 wherein the antigen is a transition 
state analog which mimics the transition state adopted by j3- 
amyloid during hydrolysis at a predetermined amide linkage. 

18. The -method of Claim 16 wherein the antigen is 

19. The method of Claim 17 wherein the antibodies generated 
have a higher affinity for the transition state analog than 
for natural j3-amyloid. 

20. The method of Claim 17 wherein the antibodies generated 
catalyze hydrolysis of endogenous 0-amyloid. 

21. A method for preventing the formation of amyloid plaques in 
the brain of an animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is 
present on 0-amyloid endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
which bind endogenous jS-amyloid. 
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22. The method of Claim 21 wherein the antigen is a transition 
state analog which mimics the transition state adopted by /J- 
amyloid during hydrolysis at a predetermined amide linkage. 

23. A method for reducing levels of circulating /J-amyloid in an 
animal, comprising the steps: 

a) providing an antigen comprised of an epitope which is a 
mimic of a predetermined hydrolysis transition state of 
a jS-amyloid polypeptide endogenous to the animal; and 

b) immunizing the animal with the antigen of step a) under 
conditions appropriate for the generation of antibodies 
to the /J-amyloid hydrolysis transition state. 

24. A method for reducing levels of circulating /J-amyloid in an 
animal, comprising the steps: 

a) providing antibodies which catalyze the hydrolysis of 
0-amyloid endogenous to the animal; and 

b) intravenously administering the antibodies to the 
animal . 

25. A method for preventing the formation of amyloid plaques in 
the brain of an animal, comprising the steps: 

a) providing antibodies which catalyze hydrolysis of 0- 
amyloid produced by the animal at a predetermined amide 
linkage; and 

b) administering the antibodies to the animal in an amount 
sufficient to cause a significant reduction in j3- 
amyloid levels in the blood of the animal. 

26. A method for reducing levels of j8-amyloid in the brain of an 
animal, comprising the steps: 

a) providing vectorized bispecific antibodies competent to 
transcytose across the blood brain barrier, which 
catalyze hydrolysis of /J-amyloid of the animal at a 
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predetermined amide linkage; and 
b) intravenously administering the antibodies to the 
animal . 

27. The method of Claim 26 wherein the vectorized bispecific 
antibodies specifically bind the transferrin receptor* 

28. The method of Claim 26 wherein the vectorized bispecific 
antibodies catalyze hydrolysis of the amide linkage between 
residues X and Y of 0-amyloid. 

[VR: THE APPROPRIATE RESIDUES WILL BE FILLED IN FOR EACH OF THE 
DIFFERENT CATALYTIC ANTIBODIES] 

29 . A method for disaggregating amyloid plaques present in the 
brain of an animal comprising the steps: 

a) providing vectorized bispecific antibodies competent to 
transcytose across the blood brain barrier, which 
catalyze hydrolysis of 0-amyloid produced by the animal 
at a predetermined amide linkage; and 

b) intravenously administering the antibodies to the 
animal in an amount sufficient to cause significant 
reduction in 0-amyloid levels in the brain of the 
animal . 

30. A method for disaggregating amyloid plaques present in the 
brain of an animal, comprising the steps: 

a) providing antibodies which catalyze hydrolysis of j5- 
amyloid produced by the animal at a predetermined amide 
linkage; and 

b) administering the antibodies to the animal. 

31. The method of Claim 30 wherein the antibodies are bispecific 
vectorized antibodies competent for transcytosis across the 
blood-brain barrier. 
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32. A method for generating antibodies which catalyze hydrolysis 
of a protein or polypeptide comprising the steps: 

a) providing an antigen, the antigen being comprised of an 
epitope which has a statine analog which mimics the 
conformation of a predetermined hydrolysis transition 
state of the polypeptide; 

b) immunizing an animal with the antigen under conditions 
appropriate for the generation of antibodies to the 
hydrolysis transition state. 

33. The method of Claim 32 wherein the protein is 0-amyloid. 

34. A method for generating antibodies which catalyze hydrolysis 
of a protein or polypeptide comprising the steps: 

a) providing an antigen, the antigen being comprised of an 
epitope which has a reduced peptide bond analog which 
mimics the conformation of a predetermined hydrolysis 
transition state of the polypeptide; 

b) immunizing an animal with the antigen under conditions 
appropriate for the generation of antibodies to the 
hydrolysis transition state. 

35. The method of Claim 34 wherein the protein is j8-amyloid. 
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Telefax 617 • 912-0308 



Sept 3, 1998 



Mr. Nico Stanculescu 
Research Grants Program of the 
Alzheimer's Association 



Dear Mr. Stanculescu, 

I am sending you this letter-of-intent in advance of preparing an 
application for an Investigator Initiated Research Grant. The proposed research 
will be carried out at the Boston Biomedical Research Institute where I hold a 
senior scientist position. This project is aimed at the pre-clinical development 
of an catalytic antibody approach for the treatment and/or the prevention of 
Alzheimer's disease. It is titled "Cerebral Delivery of Vectorized An ti-J3 -Amyloid 
Antibody" and encompasses three major specific aims. 

• To Construct Vectorized Anti-j3-Amyloid/Anti-Receptor Bispecific 
Antibodies 

• To Demonstrate that these Bifunctional Reagents Cross the Blood- 
Brain Barrier and Enter the Brain 

• To Test the Vectorized Anti-J3~Amyloid/Anti-Receptor Bispecific 
Antibodies for the Disruption or Prevention of Cerebral Plaque 
Development in Transgenic Mice 



Thank you for your kind consideration. 



Very truly yours, 




Victor Raso, Ph.D. 
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C. PROJECT ABSTRACT: 

Enter a maximum of 21 lines of text using Font Size 12 in the box below. 



We propose to develop and test several new, highly specific probes for imaging 
B-amyloid plaques in the brain of Alzheimer's patients. These non-invasive, 
' radiolabeled probes will be composed of two basic components. The first part is a 
monoclonal anti-B-amyloid antibody that recognizes and selectively binds to the 
essential peptide constituent of plaques. In order to transport this anti-B-amyloid 
antibody across the blood-brain barrier and into the brain, it will be coupled to an . 
anti-transferrin receptor antibody. The resulting vectorized, bifunctional probe can bind 
to transferrin receptors which are abundant on the cerebral capillary endothelial. 
Subsequently, this receptor-bound bispecific antibody will be carried into the brain via 
transcytosis and, thus situated, can specifically accumulate on B-amyloid plaques. 

The ability of 125|- or s^Tc-labeled vectorized probes to specifically target 
B-amyloid plaques will be evaluated using an established colony of TS2576 transgenic 
mice. These animals express a mutant form of the human amyloid precursor protein 
and produce extracellular B-amyloid peptide deposits in the brain. Brain scans will be 
taken at intervals following i.v. injection of the labeled probes so that the radioactivity 
can be localized and quantitated. Comparisons will be made between the distribution 
of probes in the brain of older plaque-bearing transgenic mice and younger control mice 
which have riot yet developed cerebral amyloid deposits. 



D. PROJECT KEYWORDS: 

Enter below a maximum of 10 project description keywords separated by 
commas. 

Keywords: B-amyloid, bispecific antibody, vector, radiolabel, blood-brain 
barrier, 125 lodine, ""Technetium 
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E. PROBLEM STATEMENT: 

Enter a maximum of 42 lines of text using Font Size 12 in the box below and the 
continuation box on the next page. 



Alzheimer's disease is a progressive and ultimately fatal form of dementia that 
1 affects a substantial portion of the elderly population. Effective treatment of this disease 
would be facilitated if we had the ability to detect the condition early, before irreversible 
damage has occured. We propose to design, construct and test radiolabeled probes that 
will specifically identify and quantiiate one of the hallmarks of Alzheimer's disease, the 
abnormal accumulation of B-amyloid peptide (A3) into cerebral plaques. These imaging 
probes can also serve to track disease progression or its remission following treatment. 

Diagnosis of Alzheimer's disease at autopsy relies on the presence of neuro- 
pathological brain lesions marked by a high density of senile plaques. These extra- 
cellular deposits are in the neo-cortex, hippocampus and amygdala. as well as in the 
walls of the meningeal and cerebral blood vessels. The principal component of these 
plaques is a 39-43 residue B-amyloid peptide. Each plaque contains ~ 20 fmole of this 4 
kDa peptide (1). Apolipoprotein E and neurofibrillary tangles formed by the microtubule- 
associated tau protein are also often associated with Alzheimer's disease. 

AB is proteolytically cleaved from an integral membrane protein called the 
B-amyloid precursor protein. The gene that codes for this protein in humans is found on 
chromosome 21 (2,3). While it is difficult to establish an absolute causal relationship 
between AB or the plaques it forms and Alzheimer's disease, there is ample evidence to 
support the pathogenic role of AB. Patients with Down's syndrome have an extra copy of 
the B-amyloid precursor protein gene due to trisomy of chromosome 21 (2,3). They 
correspondingly develop an early-onset Alzheimer's disease neuropathology at 30-40 
years of age. Moreover, familial Alzheimer's disease can result from mutations in the 
B-amyloid precursor protein gene which fall within or adjacent to the AB sequence (4). 

Given the central role played by AB in Alzheimer's disease, this definitive marker 
and the plaques it forms are obvious targets for an early detection system. Specific 
recognition of AB in cerebral plaques might be accomplished by using monoclonal anti- 
AB antibodies selected to tightly bind this peptide. However, antibodies in the peripheral 
circulation do not normally cross the blood-brain barrier. Blood-borne anti-AB antibodies 
therefore, cannot reach AB plaques in the central nervous system. 

Fortunately, a universal method for the rapid, vector-mediated delivery of 
macromolecules across the blood-brain barrier has been devised (5-8). This novel 
system will be used to carry radiolabeled anti-AB over the blood-brain barrier so that it 
comes into immediate contact with AB plaques in brain (Fig. 1). An anti-transferrin 
receptor will be attached to the anti-AB so that the new vectorized bifunctional construct 

Continue to next page 
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can bind to receptors on the cerebral capillaries and cross into the brain by transcytosis. 
Areas of the brain with a high density of plaques will accumulate the radiolabeled probe 
and will become readily apparent when visualized by single-photon emission computed 

Blood-Brain 
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•frtt-Recrptor 



BRAIN 



Plaque 




tomograDhv fSPECT). 



Transcytosis rf Probe Across 
the Brain Capillary Endothelial 



•o Specific Attachmrnt of Radiolabeled 
afunctional Probe to AC Plaque 



Fig. 1 



End of Problem Statement 
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WORK PLAN: 
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A vector moiety must be chemically or genetically attached to the ahti-AG 
antibody to facilitate its delivery into the central nervous system. This vector component 
could be, for example, an anti-transferrin receptor or anti-insulin receptor antibody that 
binds to those receptors on the brain capillary endothelial cells (5-8) which make up the 
blood-brain barrier. The resulting bifunctional antibody (9-11) will attach to appropriate 
receptors on the luminal side of the vessel (Fig. 1). Once bound to the receptor, both 
components of the bispecific antibody will pass across the blood-brain barrier by the 
process of transcytosis. Anti-AB antibodies which have entered the brain can interact 
directly with A3 plaques. It has been estimated that concentrations of macromolecules in 
the 10" 8 -10" 7 M range can be achieved in the brain using vector-mediated delivery via 
these brain capillary enriched protein target sites (12). Importantly, the vector appears 
safe since animals dosed daily for two weeks with an anti-transferrin receptor antibody 
showed no loss of integrity of the blood-brain barrier using radioactive sucrose (13). 

Anti-AB Antibodies: The amino acid sequence of the 43 residue B-amyloid 
peptide is DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAT 
(Aflj-43). Predicting precisely which site on the AB peptide will be best suited for 
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antibody-mediated labeling of cerebral plaques is difficult. Therefore we synthesized 3 
key epitopes on the A3 43-mer (ASi. 17t AB 10 -25 and AB35.43) using standard 
automated Fmoc chemistry. A terminal Gys substitution was added to each so that these 
small peptides could be coupled to an antigenic, maleimide-activated carrier proteins 
such as Keyhole Limpet hemocyanin (KLH). These A3 antigens are being used to elicit 
peptide-specific monoclonal antibodies. The resulting panel of antibodies will then be 
screened by a variety of in vitro assays to identify desirable properties such as high 
affinity binding and the ability to react with A3 aggregates. 

For example, separate ELISAs were used to screen and characterize hybridoma 
clones generated by the.small carboxy-terminal peptide AB35.43 (Fig. 2). The 
monoclonal antibodies bound to the carboxy-terminal locus on each of these carrier-free 



□ Binding to AB35-43 
■ Binding to A61-43 
B) Binding to AB 1-40 



MOOCLONAL ANTIBODY 



Fig. 2 ELISA Comparing Antibody Binding to AB 35 _43 and AS^ 43 Versus AB 1 . 40 

A3 peptides adsorbed directly to the microtitre plate, confirming their anti-peptide 
specificity (Fig. 2). They did not react as strongly with a shortened, 40 amino acid 
residue version of AB, showing their preference for the carboxy-terminus of AB (Fig. 2). 
An ability to distinguish full-length AB1-43 may be important since this species is most 
pathogenic and is more prevalent in cerebral plaque deposits than shorter forms (14). 

We radiolabeled AB^o and A61.43 with 125 l and then separated the iodinated 
peptide from unlabeled material by (15). This probe was incubated with either purified 
anti-AB antibodies or media taken from hybridoma clones producing anti-AB antibodies. 
A polyethylene glycol separation method will be used to detect the amount of 125 l-ABi_ 43 
bound to antibody. One of our purified anti-AB monoclonal antibody bound 80 percent of 
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the added 1 2 5 I-AB. This binding assay will allow us to quickly identify clones which 
produce high affinity anti-AB antibodies. 

The self-aggregation of synthetic A3 peptides leads to microscopic structures 
which resemble amyloid plaques in the brain and exhibit the same bright green 
fluorescence upon exposure to thioflavin T (Fig. 3 A). AB aggregates will be used to 
screen for the binding of 125 !-!abe!ed -anti-AG monoclonal antibodies so that those most 
likely to react with cerebral plaque deposits can be chosen. ^_ 




Phase Contrast A Thioflavin Fluorescence B 



Fig. 3 Photomicrographs of (A) Self-Aggregated AB Peptide and (B) Human Brain 
Capillaries Stained with the 7D3 Anti-Tf R Antibody (16) 
Vector for Transcytosis Across the Blood-brain Barrier: Anti-transferrin 
receptor antibodies (anti-TfFt) are the primary vectors that we will deploy for delivery of 
anti-AB antibodies into the brain. The 7D3 mouse monoclonal antibody developed in this 
lab, is specific for the human receptor and selectively immunostains cortical capillaries in 
normal human brain tissue (16) (Fig. 3B). Bispecific antibodies constructed with this 7D3 
antibody and an anti-AB antibody would be potentially useful for imaging in patients with 
Alzheimer's disease and possibly for preclinical trials in primates. For studies in the 
transgenic mouse model of Alzheimer's disease we have obtained an anti-mouse 
transferrin receptor monoclonal antibody produced the rat. 

Synthesis and Characterization of Vectorized Bispecific Antibodies: The 
anti-AB antibodies have been chemically coupled to anti-human transferrin receptor and 
anti-mouse transferrin receptor antibodies by different methods (9-11). We adopted a 
rapid thioether linkage technique to form strictly bispecific hybrids using Traut's reagent 
and the heterobifunctional SMBP reagent. One component was sparingly substituted 
with thiol groups (SH). These readily reacted to form a thioether linkage upon mixture 
with the maleimido-substituted (M) second component [Ab A -SH + Ab B -M -> Ab A -s-Ab B ]. 
F(ab') 2 fragments of the two different antibody types will be similarly thioether-linked to 
form small Fc-devoid reagents that cannot bind complement which might otherwise 

Continue to next page. 
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cause neurotoxic effects. Non-targeted control hybrids were formed by linking 
nonspecific antibody to the anti-AB antibody. This hybrid antibody will bind AI3, bu 
being non-reactive with transferrin receptors, should not cross the blood-brain barrier. 

The ability of the Afunctional reagent to attach to transferrin receptor bearing 
human cells was confirmed by cytofluorimetry using an anti-mouse IgG probe (Fig. 4] 
id it also bound 125 I-AR. Its dual specificity was clearly shown by its ability to 
simultaneously attach to cell membrane receptors and bind 125 I-AB 1J}0 (Table I) 



Table I Bispecific Antibody-Mediated Binding of 125 I-AB to Receptor-Positive Cells 



Pretreatment of Cells 



None 

+ anti-AB/anti-transferrin receptor 



125 »-AB Bound (cpm) 



2,367 
11,476 



We coupled a rat monoclonal anti-mouse transferrin receptor antibody to a 
mouse monoclonal anti-AB so that the entry of this new vectorized bispecific construe 
into brain could be monitored. The bispecific antibody was labeled with 125 l and injected 
v. into normal mice (no AB plaques). After different times they were sacrificed and the 
amount of 125 l-bispecific antibody which crossed the blood-brain barrier and entered the 
brain was determined by a mouse capillary depletion method (Fig. 5)(8, 17). The time 
dependent redistribution of radiolabeled bispecific antibody from the capillaries and into 
he parenchyma is consistent with its passage across the blood-brain barrier (1 7). 



♦ 7D3/5A11 Hybrid 




FLUORESCENCE 




ig. 4 Attachment of Bispecific Antibody 
to Receptor-Positive Cells 

uontinue to next page. ~ 



HOURS 



Fig. 5 Transcytosis of the Vectorized 
Bispecific Antibody into Brain 
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An ability to follow the entry and accumulation of vectorized bispecific antibodies 
in the brain of live plaque-bearing transgenic mice (18) would assist in developing a 
system for intracerebral imaging of Alzheimer's patients. Therefore, we administered 
either the 125 l-labeled vectorized bispecific antibody or a 125 l-labeled non-vectorized 
control bispecific antibody to separate normal mice (no AB plaques). Sequential brain 
images of the living mice were accumulated at 1, 6, 24 and 48 hours following i.v. 
administration of the 125 l-labeled bispecific antibody probes. When the vectorized agent 
was used, brain levels increased between 1 and 6 hrs and then declined to a lower level 
at 24 and 48hrs. Mice treated with the control displayed no increase between 1 and 6 
hrs. Alternative radioactive labels such as 111 ln or 99m Tc will be attached to the 
vectorized bispecific antibody to compare with the results obtained with 12 5|-labeled 
probes. Importantly, the digitital scintigraphy data can be easily quantified using 
standards and the integration functions provided in the analysis software. The centra 
red (dark) regionjnjhe brain image shown below corresponds to -1.5 x 10 5 cpm 



|flf 



Fig. 6 Dorsal Aspect Brain Images of Mice (Nose to Right) Treated with Vectorized 
(bottom) or Control (top) Bispecific Antibody; Red in the Image Denotes Greater CPM 

We will next examine older, plaque-bearing transgenic mice (8) to determine if a 
greater or more prolonged accumulation of the radiolabeled vectorized probe will result 
(Fig. 5 and 6). Smaller vectorized F(ab') 2 fragments also will be tested for improved 
intracerebral targeting. Our rational assembly of reagents, techniques and model system 
currently puts us in a unique position to establish the scientific basis for this novel and 
potentially high impact approach for the early detection of Alzheimer's disease using an 
AB-specific brain imaging probe. 
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5. J. E. Maggio, et al., Proc. Natl. Acad. Sci. 89, 5462-5466 (1992). 

6. L. Recht.C. O. Torres.T. W. Smith, V. A. Raso, J Neurosurg. 72, 941-945 (1990). 
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Section 4.5 J Scientific, Technical and Academic Qualifications. 
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Principal Investigator: Victor A. Raso, Ph.D. 
Professional Experience: 

1973-1974 Associate in Pharmacology, Harvard Medical School 

1973-1981 Research Associate, Division of Biochemical Pharmacology, Dana- 

Farber Cancer Institute 
1 981 -1 988 Assistant Professor of Pathology, Dana-Farber Cancer Institute, 

Harvard Medical School 

1 988- 1 989 Principal Scientist, Boston Biomed Res Inst., Dept. of Cell & Mol Bio 

1989- Senior Scientist, BBRI, Dept. of Cell & Molecular Biology 
Publications (Partial): 

1 . Raso, V and Stollar, BD. Antibodies specific for conformationaliy distinct 
coenzyme-substrate transition state analogues. A fluorescence, N.M.R., circular 
dichroism and antibody study of N-(5-phosphopyridoxyl)-3'-amino-L-tyrosine. J. 
Amer. Chem. Soc. 1973; 95:1621. 

2. Raso V and Stollar BD. The antibody-enzyme analogy. Characterization of 
antibodies to phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-591. 

3. Raso V and Stollar BD. The antibody-enzyme analogy. Comparison of enzymes 
and antibodies specific for phosphopyridoxyltyrosine. Biochem. 1975; 14: 591-599: 

4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed 
Fab'-ricin A chain conjugate. J Immunol. 1980; 125 :26T0. 

5. Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of ricin 
to immunoglobulin bearing target cells. Cancer Res. 1981; 41:2073. 

6. Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A 
chain conjugate which is selectively cytotoxic for cells bearing the common acute 
lymphoblastic leukemia antigen (CALLA). Cancer Res. 1982; 42:457. 

7. Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target 
cells. In: Moller, G, Ed. Immunological Reviews: Antibody carriers of drugs and 
toxins in tumor therapy. Copenhagen: Munksgaard, 1982: 93-117. 

8. Raso V. and McGrath J. Diphtheria toxin cures athymic mice of human malignant 
mesothelioma. J. Natl. Cancer Inst. 1989; 81, 622-627. 

9. Recht, L, Torres, C. O., Smith, T. W., Raso, V. A., and Griffin, T. W. (1990) 
Transferrin receptor in normal and neoplastic brain tissue: Implications for brain- 
tumor immunotherapy. J Neurosurg 72, 941-945. 

10. Recht LD, Griffin TW, Raso V, Salimi AR. Potent cytoxicity of an antihuman 
transferrin receptor-ricin A-chain immun otoxin on human glioma cells in vitro. 
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Cancer Res 1990; 50: 6696-6700. : ~ 

11. Recht, L, Raso, V. Davis, R. and Salmonsen, R. Immunotoxin sensitivity of CHO 
cells expressing human transferrin receptors with differing internalization rates 
Cancer Immunol. Immunotherpy. 1996; 42: 357-361 

12. Raso, V. Immunotargeting Intracellular Compartments. Anal. Biochem 1994- 222- 
294-304. " 

13. Raso, V., Brown, M., McGrath, J., Liu, S. and Stafford, W. Antibodies capable of 
releasing diphtheria toxin in response to the low pH found in endosomes J Biol 
Chem. 1997; 272: 27618-27622. 

1 4. Raso, V., Brown, M. and McGrath, J. Intracellular targeting with low pH triggered 
bispecific antibodies. J. Biol. Chem. 1997; 272: 27623-27628. 

1 5. Raso, V. Intracellular targeting using bispecific antibodies. Meth. Mol. Med. in press 
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Name 


Address 


Phone 


FAX 


E-Mail 


Dr. Abba J. Kastin 


Dept. Med., Tulane U ed. 
Center,1430 Tulane Ave, New 
Orleans, LA 70146-0001 


(504) 568-0811 
X58B4 


(504) 522- 
8559 


akastin@mailhos 
t.tcs .tulane.edu 


Dr. Thomas Griffin 


Oncology/Immunology, Hoffman- 
. LaRocne, Inc., 340 Kingsland St t 
utley, NJ 07110-1199 


(973) 562-3460 


(973) 235- 
.4044- 


tom.griffin@roch 
e.com 


Dr. D. J. Hnatowich 


Dept. Med., U Massachusetts Med 
Center, Worcester, MA 01655 


(508) 856-4256 


(508) 856- 
4572 


dhnatowich@ban 
yon.ummed.edu 


Dr. Karen Hsiao 


Dept. Neurol., UMHC, Box 295, 420 
Delaware St., U Minnesota, 
Minneapolis, MN 55455 


(612) 625-9900 


(612)625- 
7950 


hsiao005@maro 
on.tc.umn.edu 


Dr. John E. Maggio . > 


BCMP Department Harvard Med 
Sen 240 Longwood Ave, Boston MA 
02146 


(617) 432-0757 


(617)432- 
3833 


maggio® bemp. 
med.hrvard.edu 


Dr. William M. Pardridge 


Dept. Med., U Cal-Los Angeles Sch 
Med, Los Angeles, CA 90095-1682 


(310) 825-8858 


(310) 206- 
5163 


wpardrid@med1. 
medsch.ucla.edu 


Dr. Lawrence Recht 


Dept. Neurol., U Massachusetts 
Med Center, 55 lake Ave, 
Worcester, MA 01655 


(508) 856-4147 


(508)856- 
6778 


lawrence.recht® 
banyon.ummed. 
edu 


Dr. 8. D. Stollar 


Dept. Biochem.Jufts U Sch. Med., 
136 Harrison Ave., Boston, MA 
.02111-1800 


(617) 636-6868 


(617) 636- 
6409 


dstollar@opal.tuf 
ts.edu 


Dr. R. E. Tanzi 


Dept. Neurol., Massachusetts Gen. 
Hosp., Charlestown, MA 02129 


(617) 726-6845 


(617) 726- 
5736 


tanzi @helix.mgh. 
harvard.edu 
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H. AVAILABLE RESOURCES & BUDGET JUSTIFICATION: 

Enter a maximum of 42 lines of text using Font Size 12 in the box below and the 
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\Resources: The PI occupies 1 100 sq. ft. of laboratory and office space on the 2nd floor 
of the Boston Biomedical Research Institute and has access to 900 sq. ft. of common 
space. A complete small animal facility, including a room dedicated to handling 
transgenic mice, is located in the basement of the Institute. BBRI has a Mlcrovax and we 
lare connected to the Internet. Several desktop computers are located in the lab and 
office for image processing, data analysis, literature searchs, sequence analysis, etc. 
The Silicon Graphics Iris Indigo XS24 graphics workstation at BBRI is available to this 
project for molecular modeling. BBRI has a well equipped machine shop, an in-house 
library and access to the Treadwell library at the Massachusetts General Hospital. The 
BBRI has a PerSeptive Biosystems Voyager RP MALDI-TOF mass spectrometer. An in- 
house fluorescence flow cytometry facility is available. We have a molecular imager for . 
acquiring and digitizing radioisotopic brain images. An in-house Morphology Unit 
provides Histology Services, Electron Microscopy Services and Confocal Microscopy 
Services. BBRI has an X-ray crystalography facility. Within the laboratory of the PI are: a 
scintillation counter, pH meter, semi-micro balance, top loading balance, Zeiss inverted 
tissue culture microscope, C02 incubator, fraction collectors, UV monitor, LKB 
spectrophotometer, microscope, clinical centrifuge, 6 ft. laminar flow hood, 1 liquid N2 
tank, flash evaporator, horizontal DNA/RNA gel electrophoresis apparatus, 2 
microfuges, PAGE apparatus, a western blot apparatus, HRLC, and a video 
fluorescence microscope set-up. Shared equipment at BBRI includes: a gamma counter, 
3 scintillation counters, 4 ultracentrifuges, a peptide sequencer, 2 autoclaves, 3 
spectrophotometers, cold room, DNA synthesizer, a peptide synthesizer, 3 PCR 
machines, 4 HPLC units, electron microscope, a circular dichroism spectrophotometer, a 
florescence lifetime apparatus, a DU 650 spectrophotometer, a phosphoimager 
apparatus, and an ELISA plate reader. 

{Personnel: The P.I. will devote 20% time/effort to supervise the overall project and the 
scientific endeavors of the Research Technician, Christine Kearney (50% time/effort). 
The P.I. and Res. Tech. will take responsibility for the synthesis and evaluation of all 
peptides, their conjugation to antigenic carriers, as well as production of monoclonal 
antibodies and their characterization. They will synthesize the vectorized bispecific 
antibodies and verify their bifunctional activity. They will radiolabel the probes with 125 l, 
|i 11 in or 99mTc. They will determine if i.v. administered anti-A3 probes enter the brain of 
older transgenic mice and specifically localize within regions containing plaques. 
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Supplies: The studies planned will require supplies for each of its distinct components; 
peptide synthesis, hybridoma production, monoclonal antibody purification, bispecific ' 
antibody synthesis, transgenic mouse biodistribution and imaging trials. Monoclonal 
antibody production requires tissue culture supplies and mice for immunization and 
ascites collection. Chemistry supplies are needed for the synthesis of the peptides 
required to induce and test anii-A6 antibodies. Chromatography materials will be used 
during the synthesis of new peptides and for the purification of monoclonal antibodies. 
Other: Animal housing is requested for maintenance of the transgenic mice and mice 
used in the hybridoma fusions and for ascites production. Charges for analysis of 
bispecific antibodies using the cytofluorimetry facility are also included. 



End of Available Resources & Budget Justification 



Confidential Information: Paqe 17 

To be used only by the Alzheimer's Association, . 
KR and Associates, and their agents that 
evaluate this application. DO NOT DUPLICATE 

B000407 



KRS: APPLICA TION FORM FOR INDIVIDUAL RESEARCH PROJECT 0 

Program Solicitation Number: 
Application Number: 
Project Title: 
Submittal Date: 



L COST ESTIMATE: 



Categories 


YEAR 1 


YEAR 2 


YEAR 3 


Personnel: 








Salaries: List here each member of the team plus % of time (FTE) allocated to the nmiec.t 


Victor Raso (20%) 


20.080 


20.080 


20.080 










Christine Kernev i'50%> 


13.060 


1 3,060 


1 3,060 


















Benefits: List here etach member of the team plus % of time {FTE) allocated to the nroiect 


victor Raso (20%) 


6.827 


6.827 


6.827 










Christine Kernev (50%) 


4.440 


4.440 


4.440 


















Lab and Research: 








Supplies Including 
Animals: 


7,600 


7,600 


7,600 


Computer Equipment & 
Services: 


0 


0 


0 


Consultants: 








Publication Costs: 


300 


300 


300 


Travel: (#$1000) 


0 


0 


0 


Subcontracts: 


0 


0 


0 


Other: 


2,238 


2,238 


2,238 


Total Direct Costs: 


54,545 


54,545 


54,545 


Indirect Costs: 


5,455 


5,455 


5,455 


Total Direct & Indirect 
Costs: 


60,000 


60,000 


60,000 


Cost Sharing: 
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Principal Investigator: Victor A. Raso, Ph.D. 
Professional Experience: 

1973-1974 Associate in Pharmacology, Harvard Medical School 
1 973-1 981 Research Associate, Division of Biochemical Pharmacology, Dana- 

Farber Cancer Institute 
1 981 -1 988 Assistant Professor of Pathology, Dana-Farber Cancer Institute, 
Harvard Medical School 

1988- 1989 Principal Scientist, Boston Biomed Res Inst., Dept. of Cell & Mol Bio 

1 989- Senior Scientist, BBRI, Dept. of Cell & Molecular Biology 
Publications (Partial): 

Raso, V and Stollar, BD. Antibodies specific for conformationally distinct 
coenzyme-substrate transition state analogues. A fluorescence, N.M.R., circular 
dichroism and antibody study of N-(5-phosphopyridoxyl)-3'-amino-L-tyrosine. J. 
Amer. Chem. Soc. 1973; 95:1621. 

Raso V and Stollar BD. The antibody-enzyme analogy. Characterization of 
antibodies to phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-591. 
Raso V and Stollar BD. The antibody-enzyme analogy. Comparison of enzymes 
and antibodies specific for phosphopyridoxyltyrosine. Biochem. 1975; 14: 591-599 
4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed 
Fab'-ricin A chain conjugate. J Immunol. 1980; 125 :2610. 
- Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of ricin 
to immunoglobulin bearing target cells. Cancer Res. 1 981 ; 41 :2073. 
Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A 
chain conjugate which is selectively cytotoxic for cells bearing the common acute 
lymphoblastic leukemia antigen (CALLA). Cancer Res. 1982; 42:457. 
Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target 
cells. In: Moller, G, Ed. Immunological Reviews: Antibody carriers of 'drugs and 
toxins in tumor therapy. Copenhagen: Munksgaard, 1982: 93-117. 
8. Raso V : and McGrath J. Diphtheria toxin cures athymic mice of human malignant 
mesothelioma. J. Natl. Cancer Inst. 1989; 81, 622-627. 
Recht, L, Torres, C. O., Smith, T. W., Raso, V. A., and Griffin, T. W. (1990) 
Transferrin receptor in normal and neoplastic brain tissue: Implications for brain- 
tumor immunotherapy. J Neurosurg 72, 941-945. 
0. Recht LD, Griffin TW, Raso V, Salimi AR. Potent cytoxicity of an antihuman 
transferrin receptor-ricin A-chain immunotoxin on human glioma cells in vitro. 
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Continue Scientific, Technical and Academic Qualifications text in box below. 

Cancer Res 1990; 50: 6696-6700. '■ : 

1 1 . Recht, L, Raso, V. Davis, R. and Salmonsen, R. Immunotpxin sensitivity of CHO 
cells expressing human transferrin receptors with differing internalization rates. 
Cancer Immunol. Immunotherpy. 1996; 42: 357^361 

12. Raso, V. Immunotargeting Intracellular Compartments. Anal. Biochem 1994- 222" 
294-304. ' ; 

13. Raso, V., Brown, M., McGrath, J., Liu, S. and Stafford, W. Antibodies capable of 
releasing diphtheria toxin in response to the low pH found in endosomes J Biol 
Chem. 1997; 272:27618-27622. 

14. Raso, V., Brown, M. and McGrath, J. Intracellular targeting with low pH triggered 
bispecific antibodies. J. Biol. Chem. 1997; 272: 27623-27628. 

15. Raso, V. Intracellular targeting using bispecific antibodies. Meth. Mol. Med. in press 



End of Scientific, Technical and Academic Qualifications 



Section 4.5.2 and 4.5.3 List of Qualified Scientific and Technical Reviewers 
and List of Conflicts: 



In the box below, serially enter the names of individuals (and their affiliation) with whom you are in 
conflict ( e.g., Joan Doe, MD (State Medical University), Joe Roe, Ph.D. (National University) ). 
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H. AVAILABLE RESOURCES & BUDGET JUSTIFICATION: 

Enter a maximum of 42 lines of text using Font Size 12 in the box below and the 
continuation box on the following page. 

Resources: The PI occupies 1 100 sq. ft. of laboratory and office space on the 2nd floor 
of the Boston Biomedical Research Institute and has access to 900 sq. ft. of common 
space. A complete small animal facility, including a room dedicated to handling 
transgenic mice, is located in the basement of the Institute. BBRI has a Microvaxand we 
are connected to the Internet. Several desktop computers are located in the lab and 
office for image processing, data analysis, literature searchs, sequence analysis, etc. 
The Silicon Graphics Iris Indigo XS24 graphics workstation at BBRI is available to this 
project for molecular modeling. BBRI has a well equipped machine shop, an in-house 
library and access to the Treadwell library at the Massachusetts General Hospital. The 
BBRI has a PerSeptive Biosystems Voyager RP MALDI-TOF mass spectrometer. An in- 
house fluorescence flow cytometry facility is available. We have a molecular imager for 
acquiring and digitizing radioisotopic brain images. An in-house Morphology Unit 
provides Histology Services, Electron Microscopy Services and Confocal Microscopy 
Services. BBRI has an X-ray crystalography facility. Within the laboratory of the PI are: a 
scintillation counter, pH meter, semi-micro balance, top loading balance, Zeiss inverted 
tissue culture microscope, C02 incubator, fraction collectors, UV monitor, LKB 
spectrophotometer, microscope, clinical centrifuge, 6 ft. laminar flow hood, 1 liquid N2 
tank, flash evaporator, horizontal DNA/RNA gel electrophoresis apparatus, 2 
microfuges, PAGE apparatus, a western blot apparatus, HPLC, and a video 
fluorescence microscope set-up. Shared equipment at BBRI includes: a gamma counter, 
3 scintillation counters, 4 ultracentrifuges, a peptide sequencer, 2 autoclaves, 3 
spectrophotometers, cold room, DNA synthesizer, a peptide synthesizer, 3 PCR 
machines, 4 HPLC units, electron microscope, a circular dichroism spectrophotometer, a 
florescence lifetime apparatus, a DU 650 spectrophotometer, a phosphoimager 
apparatus, and an ELISA plate reader. 

Personnel. The P.I. will devote 20% time/effort to supervise the overall project and the 
scientific endeavors of the Research Technician, Christine Kearney (50% time/effort). 
The P.I. and Res. Tech. will take responsibility for the synthesis and evaluation of all 
peptides, their conjugation to antigenic carriers, as well as production of monoclonal 
antibodies and their characterization. They will synthesize the vectorized bispecific 
antibodies and verify their bifurictional activity. They will radiolabel the probes with 125 l, 
ni|n or 99m Tc. They will determine if i.v. administered anti-AB probes enter the brain of 
older transgenic mice and specifically localize within regions containing plaques. 

Continue to next page. " : : : : 
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Continue Available Resdurces & Budget Justification text in box below. 



Supplies: The studies planned will require supplies for each of its distinct components; 
peptide synthesis, hybridoma production, monoclonal antibody purification, bispecific 
antibody synthesis, transgenic mouse biodistribution and imaging trials. Monoclonal 
antibody production requires tissue culture supplies and mice for immunization and 
ascites collection. Chemistry supplies are needed for the synthesis of the peptides 
required to induce and test anti-AR antibodies. Chromatography materials will be used 
during the synthesis cff new peptides and for the purification of monoclonal antibodies. 
Other: Animal housing is requested for maintenance of the transgenic mice and mice 
used in the hybridoma fusions and for ascites production. Charges for analysis of 
bispecific antibodies using the cytofluorimetry facility are also included. 



End of Available Resources & Budget Justification 
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I. COST ESTIMATE: 



Categories 


YEAR 1 


YEAR 2 


YEAR 3 


Personnel: 








Salaries: List here each member of the team plus % of time (hit) allocated to the project 


Victor Raso (20%) 


20.080 


20.080 


20.080 










Christine Kemev i'50%) 


13.060 


1 o.uou 


•IO.UOU 


















Benefits: List here each member of the team plus % of time (FTE) allocated to the project 


Victor Raso (20%) 


6.827 


6.827 


6.827 










Christine Kemev (50%) 


4.440 


4.440 


4.440 


















Lab and Research: 








Supplies Including 
Animals: 


7,600 


7,600 


7,600 


Computer Equipment & 
Services: 


0 


0 


0 


Consultants: 








Publication Costs: 


300 


300 


300 


Travel: ( # $1000 ) 


0 


0 


0 


Subcontracts: 


0 


0 


0 


Other: 


2,238 


2,238 


2,238 


Total Direct Costs: 


54,545 


54,545 


54,545 . 


Indirect Costs: 


5,455 


5,455 


5,455 


Total Direct & Indirect 
Costs: 


60,000 


60,000 


60,000 


Cost Sharing: 
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BOSTON BIOMEDICAL RESEARCH INSTITUTE 



Victor A. Raso, Ph.D. 



20 STANIFORD STREET, BOSTON, MASSACHUSETTS 02114 

Area code 617 • 912-0316 
Telefax 617 • 912-0308 



Sept 4, 1998 



Mr. Nico Stanculescu 
Research Grants Program of the 
Alzheimer's Association 



Dear Mr. Stanculescu, 

I am sending you this letter-of-intent in advance of preparing an 
application for an Investigator Initiated Research Grant. The proposed research 
will be carried out at the Boston Biomedical Research Institute where I hold a 
senior scientist position. This project is aimed at the pre-clinical development 
of an catalytic antibody approach for the treatment and/or the prevention of 
Alzheimer's disease. It is titled "Catalytic Antibodies to Inactivate j3-Amyloid" 
and encompasses three major specific aims. 

• To Construct Transition State J3-Amyloid Antigens 

• To Produce Catalytic Anti-J5-Amyloid Monoclonal Antibodies 

• To Test the Catalytic Anti-j3-Amyloid Monoclonal Antibodies for the 
Disruption or Prevention of Cerebral Plaque Development in Transgenic 
Mice 

Thank you for your kind consideration. 




Victor Raso, Ph.D. 
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B. PROJECT ABSTRACT (Instructions: ctrl+alt B) 



The aim of this project conducted by Dr. Victor Raso at the Boston Biomedical 
Research Institute is to develop catalytic antibodies for the treatment of Alzheimer's 
disease. Beta-amyloid and the plaques it forms are likely either the direct or indirect 
cause of Alzheimer's disease. Soluble beta-amyloid exists free in the blood and 
cerebrospinal fluid and eventually deposits as "insoluble" aggregates to produce 
cerebral plaques. Since the full-length, 43-residue beta-amyloid peptide initiates 
aggregation, catalytic antibodies that selectively cleave this 43-mer into harmless, 
non-amyloidogenic fragments could be therapeutically useful for Alzheimer's disease. 

Transition state antigens will be designed to elicit catalytic antibodies with a 
capacity to cleave beta-amyloid peptides into non-amyloidogenic fragments. This 
irreversible modification could prevent the onset of Alzheimer's disease or impede its 
progression. Highly efficient, catalytic antibodies can permanently inactivate many 
target molecules rather than just acting stoichiometrically. Beta-amyloid transition 
state antigens might yield new clinical vaccines for combating Alzheimer's disease. 

Transition state analogs of beta-amyloid have been synthesized for use as 
antigens to generate unique monoclonal antibodies. This panel of reagents will be 
screened for catalytic antibodies that can effectively destroy beta-amyloid. The 
catalytic antibodies will be tested therapeutically in a transgenic mouse model. They 
can be used systemically to greatly reduce circulating levels of beta-amyloid. 
Alternatively, the catalytic antibodies might be delivered into the brain via a vector- 
mediated transport system so that they can directly deplete amyloid deposits. 



C. PROJECT KEYWORDS (Instructions: ctN+alt C) 



Project Keywords (Please choose from accompanying list where possible) 


Beta-amyloid 


Proteases 


Immunology 


* Catalytic 


Plaques 


* Antibody 


Transgenic Mice 


* Vaccine 


Enzymology 
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D. PROBLEM STATEMENT (Instructions: ctrl+alt D) 



Alzheimer's disease is a progressive and ultimately fatal form of dementia that 
affects a substantial portion of the elderly population. Definitive diagnosis at autopsy 
relies on the presence of neuropathological brain lesions marked by a high density of 
senile plaques. The principal component of these plaques is a 39-43 residue beta- 
amyloid peptide (AS) (1). There is ample evidence to support the role of AB and the 
cerebral plaques it forms in the pathogenesis of Alzheimer's disease (2). 

Soluble AB exists free in the blood and cerebrospinal fluid and eventually 
deposits as "insoluble" aggregates to produce cerebral plaques. Small alterations in 
the levels of soluble AB throughout the body may determine whether a person 
remains healthy or develops Alzheimer's disease. We therefore propose to develop 
catalytic antibodies that will specifically recognize and efficiently destroy AB. These 
unique reagents could then be used therapeutically to reduce AB levels in both the 
blood and the brain. The specific aims of this research are to: 

1- Construct Transition State AB Antigens 

2- Produce Catalytic Anti-AB Monoclonal Antibodies 

3- Test Catalytic Anti-AB for Disrupting Plaque Development in Mice 

More than 20 years ago, Raso and Stollar published the first study expressly 
aimed at inducing antibodies possessing catalytic activity (3). A transition state 
enzyme inhibitor was designed, synthesized and used elicit complementary antibody 
combining sites that would mimic an enzyme active site. With the emergence of 
monoclonal antibody techniques, the field of catalytic antibodies has exploded, 
largely due to recent efforts from the laboratories of Lerner, Benkovic and Schultz. 

We are developing new transition state analogs of AB for the purpose of 
eliciting catalytic antibodies that will specifically cleave AB into inactive fragments. 
Studies indicate that the deposit of full-length A&1_43 in senile plaques (4) is central to 
Alzheimer's disease pathogenesis and shortened versions of AB may be less of a 
problem in the absence of AB1-43. Cleavage of AB1.43 by a catalytic antibody should 
yield harmless non-amyloidogenic pieces. Each antibody would continuously function 
to permanently inactivate many target molecules. Thus, attenuating or abolishing the 
plaque forming capability of AB and lowering its level in the brain should curtail the 
progression of Alzheimer's disease. 

The effect of these catalytic antibodies on AB plaques will be studied in a 
transgenic mouse model of Alzheimer's disease (5). The catalytic antibodies can be 
administered systemically in order to greatly reduce circulating levels of AB and thus 
to subsequently lower the intercommunicating pool of AB in the brain. Alternatively, 
the anti-AB catalytic antibodies. can be introduced directly into the brain so that they 
come into immediate contact with cerebral AB and AB plaques. Delivery into the brain 
can be accomplished either by intracerebral infusion (6) or via transcytosis across the 
blood-brain barrier using a vectorized bispecific antibody construct (7). AB levels will 
be measured by ELISA and amyloid plaques will be evaluated in brain sections. 

The novel catalytic antibodies produced should help to combat Alzheimer's 
disease by providing a safe and effective means to destroy AB in the body. 
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Transition State AB Antigens The amino acid sequence of beta-amyloid (AB) is; 
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAT 
1 10 20 30 40 

Predicting precisely which cleavage sites on this 43-residue AB peptide will be best 
suited for catalytic antibody-mediated therapy is difficult. Therefore key regions of the 
AB 43-mer were chosen as positions for modification with transition state residues. 
Those sites will serve as antigenic epitopes and subsequently as targets for cleavage 
of the unmodified AB molecule by the induced catalytic antibodies. 

We chose to synthesize long AB transition state peptides because of two 
important considerations. An extended sequence is required to ensure that the 
predetermined cleavage specificity of the resulting catalytic antibody will exclusively 
recognize the AB peptide. However, examination of naturally occurring proteases 
suggests that chain length can also play an important role in the catalytic mechanism. 
X-ray crystallography studies provide structural evidence for multiple enzyme-peptide 
interactions along elongated groove active sites. There are also many examples (8) 
where extension of the peptide substrate increases the k ca t/Km 2000-4000-fold. By 
analogy we designed long transition state peptide analogs to induce complementary 
elongated antibody combining sites which mimic proteolyic enzyme active site clefts. 
Multiple contact areas between the antibody and peptide in an extended groove may 
be more effective for inducing strain in the peptide bond, which should promote its 
hydrolytic cleavage. 

A terminal Cys residue was added to the transition state analogs to provide a 
sulfhydryl linkage group for coupling the peptides to antigenic, maleimide-activated 
carrier proteins such as Keyhole Limpet Hemocyanin (KLH). Peptides were purified 
by HPLC and mass spectral and amino acid analysis verified-their composition. 

These new transition state AB antigens have been used to elicit a unique 
panal of monoclonal antibodies. Select anti-AB catalytic antibodies will be identified, 
characterized and used for studies in transgenic (Tg) mice. To facilitate transport 
across the blood-brain barrier they will also be vectorized by coupling to an anti- 
transferrin receptor antibody (anti-TfR). The Tg mouse model will help to determine 
empirically which of these unique immuno-reagents are both therapeutically effective 
and pharmacologically safe. 

A phosphonamidate transition state analog encompassing the carboxy- 
terminal region of AB has been synthesized. ^ 

N-acetyl-Cys-Met-Val-Gly-Gly--CO-NH-Val-Val-lle-Ala-amide 

35 40 
N-acetyl-Cys-Met-Val-Gly-Gly"P0 2 "-NH-Val-Val-lle-Ala-amide 

Replacement of the proposed scissile peptide linkage between Gly38 and 
Val39 (I) with a phosphonamidate moiety (-PCV-NH-) is designed to elicit catalytic 
antibodies that will hydrolytically cleave AB at this site. The N-acetyl-Cys residue was 
placed at the position of Leu34 to provide a suitable linkage group for coupling this 
peptide to an antigenic carrier protein. The structures in Fig. 1 represent the putative 
transition state for peptide hydrolysis by zinc peptidases and the phosphonate and 
phosphonamidate mimics. Tetrahedral transition state intermediates are formed in all 
proteolytic enzymes, the serine-, cysteine-, aspartic- and metallo-peptidases. 
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E. WORK PLAN — PAGE 2 
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Fig. 1 

The design strategy and methods for synthesizing phosphonamidate and 
phosphonate based transition state peptides are straightfoward (9). The N-terminal 
portion of the peptide (N-acetyl-Cys-Met-Val-Gly) was made using standard 
automated Fmoc chemistry. Its amino terminus was capped with acetic anhydride 
while it was on the resin. After cleavage it was treated with pyridine disulfide to 
protect its sulfhydryl group. An acid chloride of Cbz-glycine phosphonate monomethyl 
ester, was coupled with Val-Val-lle-Ala-amide which was synthesized by Fmoc 
chemistry. The Cbz-Gly-P02"-NH-Val-Val-lle-Ala-amide has a phosphonamidate 
(methyl ester) bond between the Gly and Val residues. Next, the Cbz blocking group 
was removed using hydrogen so that the protected N-acetyl-Cys-Met-Val-Gly peptide 
could be added to the amino terminal end by HBTU-activated peptide linkage. The 
peptide was then deblocked and coupled to maleimide-activated KLH. 





Fig. 2 



Gly-Gly-CO-NH-Val-Val Gly-Gly-P02"-NH-Val-Val 



A structural comparison was made between the native AB peptide and the 
transition state phosphonamidate AB peptide using a graphics workstation. The 
peptide link -CO-NH- ( T ) between Gly38 and Val39 was replaced with a phosphon- 
amidate bond -P02*-NH- (f) and an energy minimization was applied. Fig. 2 clearly 
illustrates the planar peptide link -CO-NH- ( T ) of native AB (left) versus the tetrahedral 
phosphonamidate bond -P02'-NH- (t) in the transition state peptide (right). 

An antibody combining site complementary to the tetrahedral transition state 
analog on the right of Fig. 2, will force the normally planar bond of the AB substrate 
peptide on the left into a transition state-like conformation. Such bond distortion could 
catalyze the hydrolytic cleavage of the AB peptide at the Gly38-Val39 linkage. 

A series of statine (Sta) transition state analogs encompassing the carboxyl- 
terminal region of AB (Cys-Met-Val-Gly-Gly-Val/Sta-Val/Sta-lle/Sta-Ala-Thr) was 
synthesized in this laboratory. ill 

Met-Val-Gly-Gly-Val-Val-fle-Ala-Thr-C0 2 H 
35 40 
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E. WORK PLAN — PAGE 3 



Replacement of the proposed scissile peptide linkage between Val39 and 
Val 40 (i), Val 4 o and lle 41 (i) and lle 4 i and Ala 42 {I) with a tetrahedryl "statyl" moiety 
(-CHOH-CH2rCO-NH-) is designed to elicit catalytic antibodies that will hydrolytically 
cleave AB at one of these sites, A Cys residue was placed at the position of Leu^ to 
provide a suitable linkage group for coupling this peptide to a maleimide-activated 
carrier protein. The statine transition state peptides were entirely synthesized using 
standard automated Fmoc chemisty. This was facilitated by commercially available 
Fmoc-statine, [N-Fmoc-(3S,4S)-4-amino-3-hydroxy-6-methyl heptanoic acid]. 

A series of phenylalanine statine (PhSta) transition state analogs encompassing 
the central region of AG (Cys-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe/PhSta- 
Phe/PhSta-Ala-Glu-Asp-Val-Gly-amide) was synthesized in this laboratory. 

i I 

Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-amide 
10 15 20 25 

Replacement of the proposed scissile peptide linkage between Pheig and 
Phe 2 o (I) and Phe2o and Ala2i(i) with a statyl moiety (-CHOH-CH 2 -CO-NH-) is 
designed to elicit catalytic antibodies that will hydrolytically cleave AS at these sites. 
A Cys residue was placed at the position of Glyg to provide a sulfhydryl linkage group 
for coupling the peptide to antigenic, maleimide-activated KLH. The phenylalanine 
statine transition state peptides were synthesized using standard automated Fmoc 
chemisty. This was feasible due to the recent availability of Fmoc-"phenylalanine 
statine," [N-Fmoc-(3S,4S)-4-amino-3-hydroxy-5-phenylpentanoic acid]. 

An antibody combining site that is complementary to the elongated tetrahedral 
transition state analog will force the normally planar peptide bond of the AG substrate 
into a transition state-like conformation. Such distortion should catalyze the hydrolytic 
cleavage of AG at the Phei g-Phe2o bond. 

Anti-AB Monoclonal Antibodies . Standard protocols were used to immunize 
mice with the KLH-linked transition state AG. We performed a hybridoma fusion using 
the spleen of a mouse immunized with the phenylalanine statine transition state AG- 
KLH antigen. Monoclonal antibodies from the hybridoma supernatants were screened 
using ELISA to assess their binding to both the normal AB1-43 peptide and to the 
phenylalanine statine transition state AG peptide. Two patterns were found (Fig. 3). 



□ Binding to Phenylalanine Statine-Afl Transition State 
■ Binding to AB1-43 



O 

g 



to 

UJ 0 50 
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Monoclonal Antibody 



Fig. 3 ELISA Comparing Antibody Binding to Transition State Versus Native AB 
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E. WORK PLAN — PAGE 4 



One group of antibodies (at the left of Fig. 3) bound to the immunizing 
transition state peptide and cross-reacted strongly with the native A&1_43 peptide 
when each was adsorbed directly onto the ELISA plate. A second group (at the right) 
showed a high binding preference for the phenylalanine statine transition state AB 
peptide and reacted minimally with native AB1-43. The anti-peptide specificity of the 
antibodies was ensured since they exclusively bound to the carrier-free AB peptides. 

These findings indicate that several of the new anti-AB transition state 
antibodies are unique. They can bind to both the phenylalanine statine- and normal- 
AB peptides. Their selective recognition of the transition state and weaker cross- 
reaction with native ABr-43 however implies that this binding interaction is very 
different from that shown by conventional anti-native AB antibodies. It suggests 
further that these new antibodies may be able to force the native AB peptide into a 
conformation resembling the transition state for hydrolytic cleavage. 

Another distinct hybridoma fusion was performed using the spleen of a mouse 
immunized with a KLH conjugate of the statine (Sta) transition state analogs 
encompassing the carboxyl-terminal region of AS (Cys-Met-Val-Gly-GIy-Val/Sta- 
Val/Sta-lle/Sta-Ala-Thr). ELISA was used to demonstrate antibody binding to both 
the normal ABi_43 peptide and to the statine transition state AB peptide (not shown). 
The antibodies bound to the C-terminal locus on these carrier-free AB peptides 
adsorbed directly to the microtitre plate, confirming their anti-peptide specificity. Most 
of the antibodies preferentially recognized the statine AB transition state but cross- 
reacted with native AS1-43. This suggests that these new antibodies may be able to 
force the native AB peptide into a conformation resembling the transition state for 
hydrolytic cleavage of its -C-terminal amino acids. Used therapeutically, such catalytic 
antibodies would, in effect, convert the less abundant but more noxious AB-|_43 
species into potentially less harmful shorter peptides, like AB1-40 or ABi_3g. 

A solid phase 125 l-labeled AB assay was developed to screen anti-transition 
state antibody hybridoma supernatants for specific proteolytic activity. A peptide 
encompassing amino acids 14-25 of AB was synthesized with a Cys and Tyr added 
at either end. This was radiolabeled with 125 l and the iodinated peptide was then 
separated from unlabeled material by HPLC to give essentially quantitative specific 
activity. The highly radioactive AB peptide was coupled to a thiol-reactive, iodoacetyl- 
Sepharose gel to form an irreversible linkage. Catalytic antibodies should promote 
the progressive release of soluble 125 l-peptide from the solid phase matrix. The 
proposed assay was verified by the ability of several different proteases to raoidlv 
hydrolyze this Sepharose-linked 125 I-AB substrate. 

Selected antibodies were screened for catalytic 
activity using release of radioactivity from 125 1-AB- 
Sepharose (Fig. 4). The results obtained at pH 7, 25°C 
indicate that the antibody-containing media of several 
clones released 125 l-peptide at a greater rate than 
other clones from this fusion or the PBS and Hy 
medium controls (Fig. 4). Large amounts of these 
antibodies will now be obtained, purified and tested at 
higher concentrations to achieve much faster rates of 
cleavage and to verify that the antibodies are acting in 
catalytic mode by conventional enzyme kinetics. pjg 4 
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E. WORK PLAN— PAGE 5 



Treatment of Transgenic "Alzheimer's mice" The age-dependent appearance of 
neurological symptoms in the Tg2576 transgenic (Tg) mice (breeders provided by Dr. 
K. Hsiao) (5) allows for experimental intervention. Mice < 9-months old have low 
levels of AS in the brain, no AB plaques and good memory. Mice > 9-months old have 
high brain levels of AG, many plaques (Fig. 5), and do poorly in memory tests (5). 




Fig. 5 Low and Hi Power Thioflavin Stained Brain Plaques from One of Our Tg Mice 

Our strategy is to use anti-AB catalytic antibodies to treat both young Tg mice 
which have not yet developed AB plaques and old Tg mice which have already 
developed high levels of cerebral AG and brain plaques. The first case tests if the 
catalytic antibodies can delay or prevent the formation of plaques while the second 
asks if the antibodies can diminish or eradicate preestablished plaques (Fig. 5). 

Anti-AG catalytic antibodies will be used either systemically to lower circulating 
AG levels, infused directly into the brain (6) or delivered into the brain as a vectorized 
antibody that can cross the blood-brain barrier (7). Thus, a bispecific anti-AG/ anti- 
mouse transferrin receptor antibody was produced (10). Dual specificity was verified 
by its attachment to receptor bearing cells and simultaneous binding of 125 l-AGi-4o* 

Table I Bispecific Antibody-Mediated Binding of 125 I-AB to Transferrin Receptor-Positive Cells 

Pretreatment of Cells ; 125 l-Aft Bound (cpm) 

None 2,367 
+ anti-AU/anti-transferrin receptor 1 1 ,476 

Different groups of transgenic mice will be injected i.p. with 1mg of catalytic 
antibodies, vectorized antibodies or appropriate non-specific control antibodies, 
biweekly for 2 months. Intracerebral antibody infusions (1pl, 50mg/ml) will be via a 
brain cannula (6), stereotaxically placed by Taconic Technical Services. Serum or 
brain Aft concentrations will be measured by ELISA (5) and AB plaques in brain 
sections will be evaluated by immunocytochemical and thioflavin S staining (Fig. 5). 
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Resources: The PI occupies 1 100 sq. ft. of laboratory and office space on the 2nd 
floor of the Boston Biomedical Research Institute and has access to 900 sq. ft. of 
common space. A complete small animal facility, including a room dedicated to 
breeding and handling transgenic mice, is located in the basement of the Institute. 

BBRI has a Microvax and we are connected to the Internet. Several desktop 
computers are located in the lab and office for image processing, data analysis, 
literature searches, sequence analysis, etc. The Silicon Graphics Iris Indigo XS24 
graphics workstation at BBRI is available to this project for molecular modeling. 

BBRI has a well equipped machine shop, an in-house library and access to 
the Treadwell library at the Massachusetts General Hospital. 

The BBRI has a PerSeptive Biosystems Voyager RP MALDI-TOF mass 
spectrometer. An in-house fluorescence flow cytometry facility is available. We have 
a molecular imager for acquiring and digitizing radioisotopic brain images. 

An in-house Morphology Unit provides Histology, Electron Microscopy and 
Confocal Microscopy Services. BBRI also has an X-ray crystallography facility. 

We have access to all of the necessary equipment to perform the intracerebral 
infusion experiments described in the proposal. 

Within the laboratory of the PI are: a scintillation counter, pH meter, semi- 
micro balance, top loading balance, Zeiss inverted tissue culture microscope, C02 
incubator, fraction collectors, UV monitor, LKB spectrophotometer, microscope, 
clinical centrifuge, 6 ft. laminar flow hood, 1 liquid N2 tank, flash evaporator, 
horizontal DNA/RNA gel electrophoresis apparatus, 2 microfuges, PAGE apparatus, 
a western blot apparatus, HPLC, and a video fluorescence microscope set-up. 

Shared equipment at BBRI includes: a gamma counter, 3 scintillation 
counters, 4 ultracentrifuges, a peptide sequencer, 2 autoclaves, 3 cold rooms, 
3 spectrophotometers, a DNA synthesizer, a peptide synthesizer, 3 PCR machines, 4 
HPLC units, an electron microscope, a circular dichroism spectrophotometer, a 
florescence lifetime apparatus, a DU 650 spectrophotometer, a phosphoimager 
apparatus, and an ELISA plate reader. 

Personnel: The principal investigator will devote 20% time/effort to supervise the 
overall project and the scientific endeavors of the research technician, Christine 
Kearney (50% time/effort). The P.I. and research technician will take responsibility for 
the production of anti-beta-amyloid catalytic antibodies and their characterization. 
They will then evaluate these antibodies in a transgenic mouse model of Alzheimer's 
disease. The P.I. and research technician will: 

• design, synthesize and purify several transition state AG peptides 

• carry out mass spectral and amino acid analyses 

• link transition state AO* peptides to antigenic carriers 

• immunize mice with the transition state AB antigens 

• screen immunized mice for the production of anti-AS antibodies 

• perform hybridoma fusions using the spleenocytes from immunized mice 

• use ELISA to screen hybridoma clones for anti-Afi transition state antibodies 
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• develop catalytic antibody screening assays to detect cleavage of the AB peptide 

• collect ascites from mice for monoclonal antibody isolation 

• purifiy antibodies and fully define their specificity and catalytic activity 

• analyze the peptide cleavage products produced by the catalytic antibodies 

• couple purified anti-Afi to purified anti-transferrin receptor antibodies 

• verify the dual specificity of the vectorized bispecific antibodies 

; perform genetic analyses on the transgenic "Alzheimer's mice" (Tg mice) 

• treat Tg mice i.v. with catalytic antibodies or bispecific antibodies 

• carry out catalytic anti-AS infusion studies in Tg mice fitted with cerebral cannulas 

• use ELISA to measure AB levels in serum and brain extracts 

• evaluate plaques in brain sections by immunocytochemical and thioflavin S staining 

• test catalytic anti-AB antibodies for their ability to displace AB equilibria in Tg mice 

• examine Tg mice for the effects of catalytic antibodies on the formation of plaques 

• test catalytic anti-AB antibodies for delaying or reversing AB plaque formation 

• examine Tg mice for adverse effects due to treatment with catalytic anti-AB 

• run ELISA and radioimmunoassays 

• order and maintain laboratory reagents and supplies 

Supplies: The experimental studies planned will require ample supplies for the 
peptide/organic synthesis of several different transition state beta-amyloid antigens. 
Chemistry supplies and reagents are also needed for the purification and analysis of 
the peptides. Cell culture materials are required for the hybridoma fusions and for 
maintenance of the hybridoma clones. Chromatography materials will be used for the 
isolation of the new peptides, the antigen conjugates and the monoclonal antibodies. 
Immunochemicals are needed to perform the ELISA and radioimmunoassay 
protocols for monitoring antibody production in the transgenic mice. The purchase of 
animals for this project is also included in the supply costs. 

Other Expenses: The ongoing breeding of transgenic mice and long term housing 
of the Tg mouse colony is reflected in the animal costs. Surgical services for 
stereotaxic cannula placement in the transgenic mice cost $37/mouse. Publication 
charges are also requested. 

Duration of Support: Three years of support have been requested. I believe that the 
productivity and pioneering discoveries of my laboratory has proven our long-term 
commitment to the study of immunology and to the development of new strategies for 
realizing its clinical usefulness. The proposed research is fairly straightforward but 
substantial time and effort will be required to achieve our goals. The duration 
requested will allow us to follow up on our preliminary findings and continue to gain 
new and important scientific insights: Moreover, the research has been designed so 
that its fundamental findings may have a direct application to Alzheimer's disease. 
Fringe benefits are calculated at 29% for professional and non-professional 
personnel. Indirect costs are calculated at 92% based on salary and wage. 
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H. APPLICANT INFORMATION: SCIENTIFIC, TECHNICAL AND 
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Principal Investigator: Victor A. Raso, Ph.D. 
Professional Experience: 

1973-1974 Associate in Pharmacology, Harvard Medical School 
1973-1981 Research Associate, Division of Biochemical Pharmacology, 

Dana-Farber Cancer Institute 
1981-1988 Assistant Professor of Pathology, Dana-Farber Cancer Institute, 

Harvard Medical School 

1988- 1989 Principal Scientist, Boston Biomedical Research Institute 

1989- Senior Scientist, BBRI, Dept. of Cell & Molecular Biology 
Publications (Partial): 

1 . Raso, V and Stollar, BD. Antibodies specific for conformationally distinct 
coenzyme-substrate transition state analogues. A fluorescence, N.M.R., circular 
dichroism and antibody study of ^-(S-phosphopyridoxyO-S-amino-L-tyrosine. J. 
Amer. Chem. Soc. 1973; 95:1621. 

2. Raso V and Stollar BD. The antibody-enzyme analogy. Characterization of 
antibodies to phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-91. 

3. Raso V and Stollar BD. The antibody-enzyme analogy. Comparison of enzymes 
and antibodies specific for phosphopyridoxyltyrosine. Biochem, 1975; 14: 591-9. 

4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed 
Fab'-ricin A chain conjugate. J Immunol. 1980; 125: 2610. 

5. Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of 
ricin to immunoglobulin bearing target cells. Cancer Res. 1981; 41:2073. 

6. Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A 
chain conjugate which is selectively cytotoxic for cells bearing the common 
acute lymphoblastic leukemia antigen (CALLA). Cancer Res. 1982; 42:457. 

7. Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target 
cells. In: Moller, G, Ed. Immunological Reviews; 1982: 93-117. 

8. Raso V. and McGrath J. Diphtheria toxin cures athymic mice of human 
malignant mesothelioma. J. Natl. Cancer Inst. 1989; 81, 622-627. 

9. Recht, L, Torres, C. O., Smith, T. W. f Raso, V. A., and Griffin, T. W. (1990) 
Transferrin receptor in normal and neoplastic brain tissue: Implications for brain- 
tumor immunotherapy. J Neurosurg 72, 94 1 -945. 

10. Recht LD, Griffin TW, Raso V, Salimi AR. Potent cytoxicity of an antihuman 
transferrin receptor-ricin A-chain immunotoxin on human glioma cells in vitro. 
Cancer Res 1 990; 50: 6696-6700. 

11. Recht, L, Raso, V. Davis, R. and Salmonsen, R. Immunotoxin sensitivity of 
CHO cells expressing human transferrin receptors with differing internalization 
rates. Cancer Immunol. Immunotherpy. 1996; 42: 357-361 

12. Raso, V. Immunotargeting Intracellular Compartments. Anal. Biochem. 1994; 
222: 294-304. 

13. Raso, V., Brown, M., McGrath, J. t Liu, S. and Stafford, W. Antibodies capable of 
releasing diphtheria toxin in response to the low pH found in endosomes. J. 
Biol. Chem. 1997; 272: 27618-27622. 

14. Raso, V., Brown, M. and McGrath, J. Intracellular targeting with low pH 
triggered bispecific antibodies. J. BioL Chem. 1997; 272: 27623-27628. 
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Dr. Thomas Griffin 


Oncology/Immunology, Hoffman- 
LaRoche, Inc., 340 Kingsland St, 
NutJey, NJ 07110-1199 
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Dr. B. D. Stollar 


Dept. Biochem.,Tufts U Sen. 
Med., 136 Harrison Ave., Boston, 
MA 021 11-1800 


(617) 636-6868 


(617) 636- 
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Dr. John E. Maggio 


BCMP Department Harvard Med 
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hrvard.edu 


Dr. Karen Hsiao 
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BOSTON BIOMEDICAL RESEARCH INSTITUTE 



Victor A. Raso, Ph.D. 



20 STANIFORD STREET, BOSTON, MASSACHUSETTS 02114 

Area code 617 • 742-2010 
Telefax 617 • 523-6649 



Sept, 1, 1998 



Mr. Nico Stanculescu 
Research Grants Program of the 
Alzheimer's Association 



Dear Mr. Stanculescu, 

I am sending you this letter-of-intent in advance of preparing an 
application for an Investigator Initiated Research Grant. The proposed research 
will be carried out at the Boston Biomedical Research Institute where I hold a 
senior scientist position. This project is aimed at the pre-clinical development 
of an immunological approach for the treatment and/or the prevention of 
Alzheimer's disease. It is titled 'Vaccine to Modulate Systemic jS-Amyloid 
Levels 1 ' and encompasses three major specific aims. 

• To Produce J3 -Amyloid Peptide Vaccines 

• To Immunize Transgenic Mice with the J3-Amyloid Peptide Vaccines 

• To Test for the Disruption or Prevention of Cerebral Plaque 
Development in Vaccinated Mice 

Thank you for your kind consideration. 



Very truly yours, 




Victor Raso, Ph.D. 
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B. PROJECT ABSTRACT (Instructions: cth+alt B) 



The aim of this project conducted by Dr. Victor Raso at the Boston Biomedical 
Research Institute is to develop a vaccine for the treatment and/or prevention of 
Alzheimer's disease. It relies upon basic immunological principles and uses a 
vaccine approach to elicit peptide-specific antibodies designed to tightly bind 
systemic beta-amyloid. The amyloid peptide and the cerebral piaques that it forms 
are likely either the direct or indirect cause of Alzheimer's disease. Soluble amyloid 
exists free in the blood and cerebrospinal fluid while "insoluble" aggregates are 
deposited in the brain as amyloid plaques. The soluble and insoluble forms of beta- 
amyloid present within Alzheimer's patients appear to be in dynamic equilibrium. This 
equilibrium will be displaced away from the brain by deploying a vaccine designed to 
generate peptide-specific antibodies in a transgenic mouse model of Alzheimer's 
disease. Restricted to the peripheral circulation, these antibodies will trap the amyloid 
peptide in the blood and by doing so could gradually deplete intercommunicating 
peptide levels in the brain. Decreased concentrations of beta-amyloid in the brain 
should reduce the size and number of brain plaques or delay their appearance. 
These studies would establish whether or not there is a causal relationship between 
amyloid deposits and memory impairment in those transgenic mice. Moreover, this 
expressly designed vaccine and the anti-beta-amyloid antibodies it elicits could 
produce beneficial therapeutic effects by perturbing the critical amyloid balance in the 
mouse model. If successful this research using beta-amyloid vaccines would 
establish a scientific basis for the specific immunotherapy of Alzheimer's disease. 



C. PROJECT KEYWORDS (Instructions: cf/Y+a/f C) 



Project Keywords (Please choose from accompanying list where possible) 
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Presently, there are few encouraging therapeutic prospects for the prevention or 
treatment of Alzheimer's disease. However, the equilibrium between soluble beta- 
amyloid peptide (AS) and AS aggregates in brain plaques suggest that an 
immunotherapeutic approach to the disease should be feasible. The objective of this 
project is to develop novel therapeutic vaccines which will elicit specific anti-AS 
antibodies. By efficiently binding AG in the blood stream these antibodies should 
perturb its systemic equilibrium, gradually deplete AS lesvels in the brain and thus 
delay or reverse plaque formation. This new, innovative form of intervention might 
ultimately be used to prevent or significantly alter the course of Alzheimer's disease. 

Immunotherapy is safe since no harmful drugs or foreign agents are required for 
treatment. Endogenous antibodies are highly specific and can be easily sustained for 
as long as needed, important features for combating Alzheimer's disease. This study 
will use synthetic AS peptides to create vaccines designed to induce anti-AS 
antibodies which will alter systemic AS levels. We will then test these reagents for 
beneficial effects in a transgenic mouse model of Alzheimer's disease. Our research 
will establish whether there is potential for the clinical development of anti-AS 
vaccines as uniquely precise and urgently needed therapeutics. The aims are to: 

1 - Produce Beta-Amyloid Peptide Vaccines 

2- lmmunize Transgenic Mice with the AS Peptide Vaccines 

3- Examine the Immunized Mice for Disrupted or Delayed Plaque Development 
Diagnosis of Alzheimer's disease at autopsy relies on the presence of 

neuropathological brain lesions marked by a high density of senile plaques. The 
principal component of these plaques is a 39-43-residue beta-amyloid peptide (1). 
There is ample evidence to support the pathogenic role of AS (2) which is present in 
the blood (3), cerebrospinal fluid, brain and peripheral tissues. 

Important experiments suggest that a dynamic equilibrium may exist between 
soluble AS and fibrillar AS deposited as plaques in the brain. 125 I-AS peptide bound 
specifically, reversibly and with high affinity to brain plaques suggesting that a 
steady-state equilibrium exists between AS in plaques and AS free in solution (4). 
Moreover, mild treatment with certain anti-AS monoclonal antibodies can effectively 
dissolve preformed AS aggregates by binding soluble AS (5). The preceding 
observations speak to the central thesis of this proposal, namely that the onset of 
plaque formation, plaque size or the number of plaques might be influenced by 
reducing levels of free AS in the brain and these may in turn be linked to AS levels in 
the blood. Induced endogenous antibodies (Ab) in the circulation can not cross the 
blood-brain barrier. Thus, they will act as a sink that should gradually reduce AS 
levels in the brain by pulling the equilibrium to the right (Fig. 1). 
Concentrations of antibody that are sustainable blood 
in animals (~1pM) would far exceed the levels of 
circulating AS (~0.6nM) (3). More than 99% of AS 
in the blood would be complexed (Ab:AS) by an 
antibody with an association constant of 10 8 M~ 1 . 



800 pM A£ 
1.000,000 pM Ab (150 pf/xnl) 



CSF 



- 
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Beta-Amyloid Peptide Vaccines The amino acid sequence of beta-amyloid (AB) 
is; 

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAT 
1 10 20 30 40 

Predicting precisely which sites on this 43-residue AG peptide will be ultimately best 
suited for antibody-mediated therapy is difficult. Therefore three key regions of the 
AB 43-mer were chosen to generate epitope-specific vaccines. The segments 
selected as target sites were the amino-terminal, DAEFRHDSGYEVHHQKC; 
central, CYEVHHQKLVFFAEDVG and carboxyl-terminal, CMVGGVVIAT 
sequences. The C residue was placed at a terminal position to provide a sulfhydryl 
linkage group for coupling the peptides to an antigenic carrier protein. 

We have synthesized the AS 40-mer, the AB 43-mer and the three small AB 
peptides described above by standard automated Fmoc chemistry. Newly 
synthesized peptides were purified by HPLC and mass spectral and amino acid 
analysis verified their composition. The AB 43-mer proved difficult to isolate so that a 
purified preparation was obtained from a commercial source. The peptide 
synthesizer, mass spectrometer and amino acid analyzer are all located at our BBRI 
facility so that the chemical synthesis of any additional AB peptides can be readily 
accomplished if and when they are needed. 

These shortened peptides will serve as antigenic epitopes to induce a highly 
specific antibody response. A more generalized immune response will be also be 
generated by immunizing either with a mixture of these small peptide antigens or by 
using the full-length 43 residue AB peptide linked to Keyhole Limpet Hemocyanin 
(KLH) with glutaraldehyde. The transgenic mouse model will help to determine 
empirically which of these unique vaccines are both therapeutically effective and 
pharmacologically safe. 

The small Ali peptides have been linked to the KLH carrier protein in order to 
render them antigenic. A Cys residue was strategically placed at the N- or C-terminal 
end of these AB peptides to provide a suitable linkage group for coupling them via a 
thioether bond to maleimide activated carrier proteins. This linkage is stable and 
attaches the peptide in a defined orientation. Addition of -25 peptides/KLH can be 
typically obtained by this conjugation method. The longer, full-length AB peptides 
were linked to carrier proteins using a glutaraldehyde coupling procedure. 

The outlined methods are an effective and expedient way of producing 
experimental vaccines for use in animals. For future use in patients however, 
modifications would have to be made in the AB vaccines to render them more 
compatible for human use. AB peptides, for example, can be genetically engineered 
into appropriate immunogenic carriers or into viral antigens and DNA vaccines could 
be designed to induce AB immunization. 

Vaccination of Transgenic "Alzheimer's mice" The age-dependent appearance 
of neurological symptoms in the Tg2576 transgenic mouse model offers some 
important opportunities for experimental intervention. Mice less then 9-months old 
had low levels of AB^ 0 and AB^ 3 in the brain, 48 pmol/gm and 13 pmol/gm, 
respectively, no amyloid plaques and good performance in the learning and memory 
tests (6). In contrast, mice over 9-months old had high brain levels of AB^o and 
AB^ 3 (264 pmol/gm and 175 pmol/gm, respectively), many AB plaques, and poor 
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performance in learning and memory tests (6). Therefore the strategy for our studies 
is to use AB vaccines to induce endogenous antibodies both in young, 2-3-month old 
transgenic mice which have not yet developed Aft plaques and in 1-year old 
transgenic mice which have already developed high levels of cerebral AB and brain 
plaques. In first case we will be able to test if sustained high titre endogenous 
antibodies can delay or prevent the de novo formation of AB plaques. The second 
situation will test whether sustained high titre endogenous antibodies can diminish or 
eradicate preestablished plaques. 

Transgene-positive mice for breeding were generously provided by Dr. Hsiao 
(6). Our animal care technicians are well experienced in handling transgenic mice 
and have established a healthy colony of these animals. Dr. Hsiao recommended 
that we perform genotyping on the mice both before and after each experiment. Ear 
punch biopsy DNA has been prepared and PCR procedures have been carried out 
as reported (6) to identify mice bearing the transgene. 

Different groups of transgenic mice will be injected i.p. with 50pg of either AB 
' peptide linked to KLH or unmodified KLH, in complete Freunds adjuvant. One month 
later, the mice will be given the AB or control antigen i.p. in incomplete Freunds 
adjuvant. Thereafter, they will be periodically boosted i.v. with the appropriate 
antigen in PBS. Our experience has shown that this protocol will maintain adequate 
anti-AB antibody levels over a long period of time. Some of these planned AB and 
control immunizations of Tg2576 mice have already been initiated. To date the 
vaccinated Tg2576 mice have shown no ill effects due to the production of anti-AB 
antibodies even though the older mice have preestablished cerebral AB plaques. 

Screening serum antibodies We will use both an ELISA and 125 I-AB 

binding assay to monitor and characterize the antibody response elicited in the 
transgenic mice. This will allow us to identify animals displaying high titre anti-AB 
antibodies with appropriate specificity for select epitopes on the peptide. Table I 
shows ELISA data for diluted serum from a non-immunized control mouse versus 
1/100 and 1/1000 diluted serum from a mouse that was immunized with our central 
region AB peptide-KLH vaccine. Carrier-free AB peptide was adsorbed directly onto 
the microtitre plate so that anti-KLH antibodies in the serum would not be measured. 
The presence of bound anti-AB peptide antibodies was revealed using a peroxidase- 
labeled anti-mouse IgG probe followed by the chromogenic substrate. Monoclonal 
antibodies have been raised against this central region AB peptide and the 
hybridoma supernatants have also been successfully screened using this assay. 

Table I ELISA for Binding to the Central Region AB Peptide 



Another mouse was vaccinated with the carboxyl-terminal AB peptide coupled 
to KLH. The spleen of this mouse was then used for a hybridoma fusion so that we 
could better characterize the specificity of its immune response (Fig. 2). Separate 
ELISAs were also used to screen the hybridoma clones generated and to 
demonstrate antibody binding to both the small carboxyl-terminal peptide AB 35 ^ 3 and 
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Control Serum . 1/100 
Mouse 1 antiserum 1/100 
Mouse 1 antiserum 1/1000 



0.527 
3.465 
2.764 
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the full-length AB^ peptide. The monoclonal antibodies bound to the carboxyl- 
terminal locus on each of these carrier-free AB peptides adsorbed directly to the 
microtitre plate, confirming their anti-peptide specificity. We also tested the clones 



2 i.C 



□ BbKJInytoA035-43 
0 Binding to Aft 1-40 




I 



s 5 £ S I 5 

MONOCLONAL ANTtBOOY 



Fig. 2 ELISA Comparing Antibody Binding to AB35-43 and AB^ 3 Versus AS^o 

using AS^o to identify antibodies which do not react with this shortened, 40 amino 
acid residue version of AB and thus will specifically bind to the carboxyl-terminus of 
(Fig. 2). Used therapeutically, this vaccine should elicit antibodies which will 
preferentially bind the less abundant but more noxious Af^-43 species in the blood as 
opposed to the smaller and less detrimental AB^o- 

It was important to demonstrate that the anti-Aft antibodies could also bind to 
the full-length AQ> peptides in solution. Thus, we radiolabeled AB with 125 l and then 
separated the iodinated peptide from unlabeled material by HPLC to give essentially 
quantitative specific activity (-2000 Ci/mmol) (4). The 125 I-AB probe was incubated 
anti-AB antiserum or monoclonal anti-AB antibodies and then a polyethylene glycol 
separation method was used to detect the amount bound to antibody (Table II). 

AB in human plasma can bind to albumin or other carriers. We propose to use 
antibodies to sequester AS in the blood and thereby displace the equilibrium away 
from the brain. It was therefore imperative to show that these antibodies can tightly 
bind AB in the presence of a physiological level of human serum albumin (HSA). The 
data in Table II indicate that the ability of our purified 5A1 1 monoclonal anti-AB 
antibody to bind 125 I-AB 1 ^ 0 was unaffected by HSA at 60mg/ml, even though this 
was a 500-fold molar excess over the antibody concentration. Therefore other 

Table II ^l-AB^o Binding to Antibody in the Presence of Serum Albumin* 



125, 



Addition 



Control 

+ 5A1 1 anti-Afc 

Control + HSA* 

+ 5A1 1 anti-Ali + HSA* 



I-AB1.40 Bound 



8,560 
64,589 

3.102 
55,304 



Specifically Bound 
(% of total added) 



79 



75 



Human Serum Albumin (HSA) at 60mg/ml (1mM); anti-Afl 5A1 1 at 2x10' 6 M; Added 70,000 cpm of 125 I-AB 1 _ 40 
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binding proteins should not attenuate the ability of antibodies to tie-up AB in blood. 

Antibodies Affect the Distribution of 125 I-AB in Mice Anti-AG antibodies in the 
circulation cannot cross the blood-brain barrier to a significant extent and therefore 
should act as a sink that prevents 125 l-ABt^ 0 from reaching the brain. This retention 
effect was demonstrated by measuring the blood levels in mice 4 h after injecting 
them with equal amounts of 125 I-AB^ 0 either alone or along with our 5A1 1 anti-AB 
monoclonal antibody (Table III). The passage of 125 I-AB 1 _ 40 out of the peripheral 
circulation was greatly curtailed in animals that concomitantly received the specific 
anti-AB antibody. That finding extends our in vitro results (Table II) by demonstrating 
that anti-AB can also effectively bind AB in an experimental animal. The fact that 

treatment with this injected antibody retained 10-times more 125 I-AB 1 _4 0 in the 
circulation lends credence to the premise that the equilibrium distribution of AB in the 
body can be dramatically altered by its selective sequestration in the blood. 

Table III Anti-AB Impedes the Passage of 125 l-AB 1 ^ 0 from the Circulation 



Biodistribution of 125 I-AB The 125 I-AB probes will allow us to monitor the effect of 
immunization on the biodistribution of AB in the transgenic mice. Passively 
administered anti-AB antibodies sequestered 125 I-AB injected into mice and retained 
it in the blood (Table III). Therefore this probe will be used in a similar manner to 
monitor the binding activity of circulating anti-AB antibodies in the AB-vaccinated and 
control transgenic mice. We expect that the anti-AB antibodies in specifically 
immunized mice will bind the 125 l-AB f hold it in the blood stream and prevent it from 
redistributing throughout the body. This would be reflected in the much higher levels 
of labeled peptide found in their blood compared to control mice (Table III). 

Radioscintigraphy is being used to monitor 125 I-AB entry and accumulation in 
the brain of live mice. Image data is obtained while the animal is chemically 
immobilized using ketamine/xylazine. This imaging technology might be very useful 
to determine if circulating anti-AB antibodies will prevent Lv. administered 125 I-AB 
from entering the brain. Importantly, digtital scintigraphy data can be easily quantified 
using standards and the integration functions provided in the analysis software. 
Sequential brain images from the same mouse can be acquired at 1, 6, 24 and 48 
hours following i.v. administration of the 125 l- AB probe. 

Effect of Vaccination on Plaques and Memory Impairment The group of young 
mice which were immunized starting when they were 2 months old will be tested at 
the beginning of month 11 and on consecutive months thereafter. Mice from the 
experimental and control groups will undergo behavioral testing in a symmetrical Y 
maze (6). Thereafter they will be sacrificed to measure AB concentrations and the 
number of amyloid plaques in the brain (6). My laboratory is well trained in the 
required immunohistology and ELISA techniques. Our in-house Morphology Unit will 
process and evaluate mouse brain sections to detect amyloid plaques by 
immunocytochemical staining and thioflavin S fluorescence (Fig. 3). 
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Mouse Injected With; 



1-AR in Blood (cpm/qm) 



125 I-AS<|.40 a*one 
^I-AB-mo + SAH anti-Afi 



27,300 
278,900 
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Fig. 3 Low and Hi Power Thioflavin Stained Brain Plaques from One of Our Tg Mice 

If the long-term presence of high titre endogenous anti-AB antibodies 
displaces AS equilibria away from the brain, then transgenic mice from the group 
immunized with the AG vaccine might show a delay or abrogation of symptoms. 
Compared to the non-specific control vaccine treated mice, these animals could have 
reduced concentrations of AG in the brain and fewer or smaller amyloid plaques. If 
these changes in AS do occur and the AG-vaccinated animals also show improved 
memory and learning compared to controls, then the results would strengthen the 
correlation between soluble AG, the plaques it forms and neurologic impairment. 

In addition to testing the anti-AG antibodies for preventing the formation of 
amyloid plaques and the development of memory deficits in young mice, we will also 
examine the effects of high titre anti-AG on older transgenic mice which have plaques 
and are already neurologically affected. Experimental and control groups of old mice 
.which were immunized starting when they were 12 months old will be tested as 
described above at the beginning of month 15 and on consecutive months thereafter. 

These experiments with older mice are designed to test the possibility of 
reversing the symptoms in animals that already have elevated AG and amyloid 
plaques in the brain as well as neurologic deficits. If the presence of high levels of 
anti-AG antibodies displace AG equilibria away from the brain then transgenic mice 
from the AG-immunized group might show a reduction or abrogation of symptoms. 
Compared to the non-specific control antibody treated mice, the concentrations of AG 
in the brain of these mice should be reduced and they might therefore have fewer or 
smaller amyloid plaques. If these changes in AG do occur and the animals also show 
improved memory and learning compared to controls, then the results would 
strengthen the correlation between soluble AG, the plaques it forms and neurologic 
impairment. If there is a significant reduction in amyloid plaques but no memory 
improvements then this might indicate either no causal relationship between plaques 
and neurologic deficits or simply that some secondary damage which had already 
done to the brain is irreversible. Throughout the course of these experiments the 
mice will be observed for any complications due to treatment with the AG vaccines. 

1. D. J. Selkoe, et al., J. of Neurochemistry 46 , 1820-1834 (1986) 

2. C. Haass and Selkoe Cell 75, 1039-1042 (1993) 

3. D. Scheuner, et al., Nature Med. 2, 864-870 (1996) 

4. J. E. Maggio, et aL, Proc. A/a//. Acad. Sci. 89, 5462-5466 (1992) 

5. B. Solomon, et al., Proc. Natl. Acad. ScL USA 94, 4109-12 (1997) 

6. K. Hsiao, et al.. Science 274. 99-102 M996^ 
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Resources: The PI occupies 1 100 sq. ft. of laboratory and office space on the 2nd 
floor of the Boston Biomedical Research Institute and has access to 900 sq. ft. of 
common space. A complete small animal facility, including a room dedicated to 
breeding and handling transgenic mice, is located in the basement of the Institute. 

BBRI has a Microvax and we are connected to the Internet. Several desktop 
computers are located in the lab and office for image processing, data analysis, 
literature searches, sequence analysis, etc. The Silicon Graphics Iris Indigo XS24 
graphics workstation at BBRI is available to this project for molecular modeling. 

BBRI has a well equipped machine shop, an in-house library and access to 
the Treadwell library at the Massachusetts General Hospital. 

The BBRI has a PerSeptive Biosystems Voyager RP MALDI-TOF mass 
spectrometer. An in-house fluorescence flow cytometry facility is available. We have 
a molecular imager for acquiring and digitizing radioisotopic brain images. 

An in-house Morphology Unit provides Histology Services, Electron 
Microscopy Services and Confocal Microscopy Services. 

BBRI also has an X-ray crystallography facility. 

j Within the laboratory of the PI are: a scintillation counter, pH meter, semi- 

micro balance, top loading balance, Zeiss inverted tissue culture microscope, C02 
incubator, fraction collectors, UV monitor, LKB spectrophotometer, microscope, 
clinical centrifuge, 6 ft. laminar flow hood, 1 liquid N2 tank, flash evaporator, 
horizontal DNA/RNA gel electrophoresis apparatus, 2 microfuges, PAGE apparatus, 
a western blot apparatus, HPLC, and a video fluorescence microscope set-up. 

Shared equipment at BBRI includes: a gamma counter, 3 scintillation 
counters, 4 ultracentrifuges, a peptide sequencer, 2 autoclaves, 3 cold rooms, 
3 spectrophotometers, a DNA synthesizer, a peptide synthesizer, 3 PCR machines, 4 
HPLC units, an electron microscope, a circular dichroism spectrophotometer, a 
florescence lifetime apparatus, a DU 650 spectrophotometer, a phosphoimager 
apparatus, and an ELISA plate reader. 

Personnel: The principal investigator will devote 20% time/effort to supervise the 
overall project and the scientific endeavors of the research technician, Christine 
Kearney (50% time/effort). The P.I. and research technician will take responsibility for 
the production of B-amyloid vaccines and their characterization. They will then 
evaluate these vaccines in a transgenic mouse model of Alzheimer's disease. The 
P.I. and research technician will: 

• design, synthesize and purify several AB peptides 

• carry out mass spectral and amino acid analyses 

• link AR peptides to antigenic carriers 

• perform genetic analyses on the transgenic "Alzheimer's mice" 

• plan and implement immunization protocols using the AH antigens in transgenic 
mice 

• immunize young mice which have not yet developed cerebral plaques 
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• immunize old mice which have preestablished cerebral plaques 

• screen immunized mice for the production of anti-AB antibodies 

• carry out radiolabeled-AB biodistribution studies in immunized mice 

• test anti-AB antibodies for their ability to displace AB equilibria in "Alzheimer's mice" 

• examine vaccinated "Alzheimer^ mice" for the effects of endogenous antibodies on 
the formation of plaques 

• test the capacity of endogenous anti-AB antibodies for delaying or reversing AB 
plaque formation 

• determine if anti-AB antibodies will delay, prevent or reverse memory impairment in 
the "Alzheimer's mouse" model 

• examine "Alzheimer's mice" for any adverse effects due to the production of anti-AB 
antibodies 

• run radioimmunoassays 

• screen mouse sera by ELISA 

• carry out learning and memory deficit evaluations 

• order and maintain laboratory reagents and supplies 

Supplies: The experimental studies planned will require supplies for the peptide 
synthesis needed to produce several different B-amyloid antigens needed for these 
vaccine studies. Chemistry supplies and reagents are also needed for the purification 
and analysis of those peptides. Chromatography materials will be used for the 
isolation of both the new peptides and the antigens created after their conjugation to 
immunogenic carrier proteins. Immunochemicals are needed to perform the ELISA 
and radioimmunoassay protocols for monitoring antibody production in the transgenic 
mice. The purchase of animals for this project is also included in the supply costs. 

Other Expenses: The breeding of transgenic mice and long term housing of the 
mouse colony is reflected in the animal costs. Publication costs are also requested. 

Duration of Support: Three years of support have been requested. I believe that the 
productivity and pioneering discoveries of my laboratory has proven our long-term 
commitment to the study of immunology and to the development of new strategies for 
realizing its clinical usefulness. The proposed research is fairly straightforward but 
substantial time and effort will be required to achieve our goals. The duration 
requested will allow us to follow up on our preliminary findings and continue to gain 
new and important scientific insights. Moreover, the research has been designed so 
that its fundamental findings may have a direct application to Alzheimer's disease. I 
feel that the 3-year support is well justified for these reasons. Fringe benefits are 
calculated at 29% for professional and non-professional personnel. 
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Principal Investigator: Victor A. Raso, Ph.D. 
Professional Experience: 

1973-1974 Associate in Pharmacology, Harvard Medical School 
1973-1981 Research Associate, Division of Biochemical Pharmacology, 

Dana-Farber Cancer Institute 
1 981-1988 Assistant Professor of Pathology, Dana-Farber Cancer Institute, 

Harvard Medical School 

1988- 1989 Principal Scientist, Boston Biomedical Research Institute 

1 989- Senior Scientist, BBRI, Dept. of Cell & Molecular Biology 
Publications (Partial): 

1 . Raso, V and Stollar, BD. Antibodies specific for conformationally distinct 
coenzyme-substrate transition state analogues. A fluorescence, N.M.R., circular 
dichroism and antibody study of N-(5-phosphopyridoxyl)-3'-amino-L-tyrosine. J. 
Amer. Chem. Soc. 1973; 95:1621. 

2. Raso V and Stollar BD: The antibody-enzyme analogy. Characterization of 
antibodies to phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-91. 

3. Raso V and Stollar BD. The antibody-enzyme analogy. Comparison of enzymes 
and antibodies specific for phosphopyridoxyltyrosine. Biochem. 1975; 14: 591-9. 

4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed 
Fab'-ricin A chain conjugate. J Immunol. 1980; 125 :2610. 

5. Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of 
ricin to immunoglobulin bearing target cells. Cancer Res. 1981; 41:2073. 

6. Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A 
chain conjugate which is selectively cytotoxic for cells bearing the common 
acute lymphoblastic leukemia antigen (CALLA). Cancer Res. 1 982; 42:457. 

7. Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target 
cells. In: Moller, G, Ed. Immunological Reviews; 1982: 93-117. 

8. Raso V. and McGrath J. Diphtheria toxin cures athymic mice of human 
malignant mesothelioma. J. Natl. Cancer Inst. 1989; 81, 622-627. 

9. Recht, L, Torres, C. O., Smith, T. W., Raso, V. A., and Griffin, T. W. (1990) 
Transferrin receptor in normal and neoplastic brain tissue: Implications for brain- 
tumor immunotherapy. J Neurosurg 72, 941-945. 

10. Recht LD, Griffin TW, Raso V, Salimi AR. Potent cytoxicity of an antihuman 
transferrin receptor-ricin A-chain immunotoxin on human glioma cells in vitro. 
Cancer Res 1990; 50: 6696-6700. 

11. Recht, L, Raso, V. Davis, R. and Salmonsen, R. Immunotoxin sensitivity of 
CHO cells expressing human transferrin receptors with differing internalization 
rates. Cancer Immunol. Immunotherpy. 1996; 42: 357-361 

12. Raso, V. Immunotargeting Intracellular Compartments. Anal. Biochem. 1994- 
222: 294-304. 

13. Raso, V., Brown, M., McGrath, J., Liu, S. and Stafford, W. Antibodies capable of 
releasing diphtheria toxin in response to the low pH found in endosomes. J. 
Biol. Chem. 1997; 272: 27618-27622. 

14. Raso, V., Brown, M. and McGrath, J. Intracellular targeting with low pH 
triggered bispecific antibodies. J. Biol. Chem. 1997; 272: 27623-27628. 
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Dr. R. E. Tanzi 


Dept. Neurol., Massachusetts 
Gen. Hosp., Chariestown, MA 
02129 


(617) 726-6845 


(617) 726- 
5736 


tanzi@helix.mgh.har 
vard.edu 


Dr. Thomas Griffin 


Oncology/Immunology, Hoffman- 
LaRoche, Inc., 340 Kingsland St, 
Nutley.NJ 071 10-1199 


(973) 562-3460 


(973) 235- 
4044 


tom.griffin@roche.co 
m 


Dr. B. D. Stollar 


Dept. Biochem.Jufts U Sch. 
Med.. 136 Harrison Ave., Boston, 
MA 021 11-1800 


(617) 636-6868 


(617) 636- 
6409 


dstollar@opal.tufts.e 
du 


Dr. John E. Maggio 


BCMP Department Harvard Med 
Sch 240 Longwood Ave, Boston 
MA 02146 


(617) 432-0757 


(617) 432- 
3833 


maggio@bcmp.med. 
hrvard.edu 


Dr. Karen Hsiao 


Dept Neurol., UMHC. Box 295, 
420 Delaware St., U Minnesota, 
Minneapolis, MN 55455 


(612)625-9900 


(612) 625- 
7950 


hsiao005@maroon.t 
cumn.edu 


Dr. Lawrence Recht 


Dept Neurol., U Massachusetts 
Med Center, 55 Lake Ave, 
Worcester, MA 01655 


(508) 856-4147 


(508) 856- 
6778 


lawrence.recht@ban 
yon.ummed.edu 
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KRS: APPLICATION FORM FOR INDIVIDUAL RESEARCH PROJECT 

Application Number (for office use only): 
Project Title: 



Keyword List 



(Ty pe of) Glutamate Receptor 



Acetylcholine Anatomy / 



Activities of Daily Living 



Adeenergic System 



Adult Day Care 



Aluminum 



Amyloid Diseases 



Amyloid Precursor Protein 



Anatomy 



Animal Behavior 



Animal models 



Animal Models-Trangenics 



Antidepressants 



Antisense Oligonucleotides 



Anxiety 



Apolipoprotein 



;Apop tosis 



lAutonomic mechanisms 



Axon al Transport 



i Behavioral Effects 



Behavioral Management 



Behavioral Neurology 



Behavioral Pharmacology 



Beta-amyloid 



Biochemistry 



Biol ogical Assays 



Blood Brain Barrier 



Calcium Imaging 



Caregiving Issues 



Cell Biology 



Cell Cultures 



Cell Death 



Cellular Physiology 



Cerebral Metabolism 



Cerebrospinal Fluid 



Cholinergic System 



Circadian rhythms 



Clinical Assessment 



Clinical Care 



Clinical Diagnosis 



Clinical Pharmacology 



Clinical Trials 



Cloning 



Cognition 



Cognitive Neuroscience 



Cognitive Psychology 



Cognitive Therapy 



Communication/Language 



Cost Benefit Analysis 



Cytoskeleton 



Dentistry 



Depression 



Developmental Neurobiology 



Disabilities 



DNA Sequencing 



Down Syndrome 



Drosophila Neurobiology 



Drug Delivery 



Drug Design 



Drug Metabolism 



Elder Abuse 



Electroencephalography 



Electron Microscopy 



Electrophysiojogy 



Endocrinology 



Enzyme linked immunosorbent 



Enzymology 



Epidemiology 



Estrogen 



Ethical Issues 



Event related potential 



Excitotoxins 



Familial Alzheimer's Disease 



Forebrain 



Free Radicals 



GABA Receptors 



Gangliosides 



Gene Cloning 



Gene Expression 



Gene Mapping 



Gene Transfer 



Genetic Linkage 



Geinetics 



Gero ntology 
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KRS: APPLICATION FORM FOR INDIVIDUAL RESEARCH PROJECT* 

Application Number (for office use only): 
Project Title: 



Glutamate 



Glutamate Receptors 



Glycoproteins 



Growth Factors 



Health Care Financing 



Health Facilities & Services 



Health Financin g 



Hemostasis 



Herpes Simplex Virus 



Hippocampus 



Histochemistry 



Histopathology 



Human Genetics 



Immunoassay 



Immunocytochemistry 



Immunohistochemistry 



Immunolog y 



j In Situ Hybridization 



Un Vitro Methods 



iln Vivo Microdialysis 



I Ins trument Development 
Ion Channels 



Language 



Legal Issues 



Lewy Bodies 



Linkage Analysis 



Lipid Metabolism 



Long Term Potentiation 



Longitudinal Study 



Magnetic Reson. 



Magnetic Resonance Imaging 



magnetoencephalography 
Mass Spectroscop y 



Medicinal Chemistry 



Medicine 



Membrane Biochemistry 



Memory 



Messenger RNA 



Microtubules 



Microvessels 



Molecular Biology 
Molecular Genetics 



Morpholo gy 



Movement Disorders 



MR spectroscopic imaging 



Multicultural Issues 



Muscarinic Receptors 



Nerve Growth Factor 



Neural Degeneration 



Neural Development 



Neural System 



Neural System-Olfactory 



Neural System-Visual 



Neural Transplantation 



Neural-Viral Interactions 



Neuroanatomy 



Neurobiology 



Neurochemistry 



Neuroendocrinolog y 



Neurofibrillary Tangles 



Neurofilaments 



Neuroimmunology 



Neurology 



Neuromo r phology 



Neuronal Cell Death 



Neuroopthalmol ogy 



Neuropatholog y 



Neuropharmacolog y 



Neurophysiolog y 



Neuropsychological Testing 



Neuropsycholog y 



Neurosurgery 



Neurotoxicology 



Neurotrophic Factors 



Nicotine 



Non-Cognitive Behavior 



Normal Aging 



Northern Blot Analysis 



Nuclear Magnetic Resonance 



Nursing 



Nursing Home Research 



Nutrition 



Oral Health 



Otolary ngology 



O xidative Inj ury 



[Paired Helical Filaments 



Section B: Applicant Management Information 

To be used only by the Alzheimer's Association, 

KR and Associates, and their agents that evaluate this application. 

DO NOT DUPLICATE 



Page 17 



B000448 



KRS: APPLICATION FORM FOR INDIVIDUAL RESEARCH PROJECT 

Application Number (for office use only): 
Project Title: 



Parkinson's Disease 


Surveys 


Patch Clamp 




Tau Protein 


Pathology 




Tissue Cultures 


Patient Care 




Trace Elements 


Pharmacokinetics 




Transgenic Mice 


Pharmacology 




Trisomy 


Physical Chemistry 




Trophic Factors 


Physiological Psychology 




Vascular Disease 


Physiology 




Videotaping 


Plaques 




Virology 


Policy Analysis 




Vision 


Polymerase chain reaction 




Visuospatial Attention 


Positron Emission 




Voltage Clamp 


Presymptomatic Testing 




Primates 




Prion Proteins 




Program Evaluation 




Proteases 




l Psychiatry 




j Psychology 




jPsychopharmacology 




jQualitative Methods 




Quantitative Autoradiography 




Quantitative RNA/DNA 




Radiology/Neuroimaging 




Radiopharmaceuticals 




Receptors 




Regeneration (Sprouting) 




Respite Care 




Risk Factors 




RNA Analysis 




Second Messengers 




Senescence 




Signal Transduction 




Single Unit Recording 




Sleep 




Social Work 




Sociology 




SPECT-Single Photon Emis, 




Staffing/Training Issues 




Staging of Dementia 




Statistical Procedures 




Surgery 
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Expiration Date l/ltuo* 



Department of Hearth and Human Services 
Public Health Service 

Small Business Innovation Research Program 

Phase I Grant Application 

Follow instructions carefully. 



Leave blank — for PHS use only. 



Type 



Review Group 



Activity 



Council Board (Month, year) 



Number 



Formerly 



Date Received 



1 . TITLE OF APPLICATION (Do not exceed 56 typewriter spaces) 

Bispec ific Probe to Visualize Intracellular Beta-Amyloid 

2. SOLICITATION NO. duo o-r t>>-^K^^ t j , _ ~ T7T ^ : — 



phs 97-£>robes and Instruments for Micro-Imaging the Brain PA- 99- 



3a. NAME (Last, first, middle) 
RASP, VICTOR A. 



3. PRINCIPAL INVESTIGATOR 



3d. POSITION TITLE 
SENIOR SCIENTIST 



3f. TELEPHONE AND FAX (Area code, number, and extension) 
TEL: (617) 912-0316 
FAX: (617) 912-0308 



3b. DE G REE(S) 

bTs] 5Hd3 I | 



U New Investigator 




3e. MAILING ADDRESS (Street, city, state, zip code) 
BOSTON BIOMEDICAL RES . INST. 
20. 'STANIFORD STREET. 
BOSTON, MA 02114 

BfTNET/lNTERNET Address: 



4a. If *yes," E xemption no. 



4. HUMAN 
SUBJECTS 

(X) NO 
flYES 



IRB approval date 

j 



I I FutI IRB or 
^ Expedited 
Review 



4b. Assurance of ' 
compliance no. 



5. VERTEBRATE 5a ITYes" 
ANIMALS IACUC 

approval 5b. Animal welfare 

LJ NO date assurance no. 

(XlYES 14/27/981 1A3177-02 



6. DATES OF PROJECT PERIOD 
From: 10/01/99 Through: 03/31/01 



7. COSTS REQUESTED 
7a. Direct Costs 

s 400,000 



7b. Total Costs 
<. 400/000 



6. PERFORMANCE SITES (Organizations and addresses) 

BOSTON BIOMEDICAL RESEARCH 
INSTITUTE 

20 STANIFORD STREET 
BOSTON, MA 02114 



9. APPLICANT ORGANIZATION (Name and address of applicant 
small business concern) 

BOSTON BIOTECHNOLOGY CORP. 

20 STANIFORD STREET 

BOSTON, MA 02114 



10. ENTITY IDENTIFICATION NUMBER 

1042766443A1 



Congressional District 
9 



12. NOTICE OF PROPRIETARY INFORMATION: The information identified 
by asterisksO on pages 



11. SMALL BUSINESS CERTIFICATION 

[Xl Small Business Concern Q Women-owned 
D Socially and Economically Disadvantaged 



of this application constitutes trade secrets or information that is commercial 
or financial and confidential or privileged. It is furnished to the Government 
in confidence with the understanding that such information shall be used or 
disclosed only for evaluation of this application, provided that, if a grant is 
awarded as a result of or in connection with the submission of this application, 
the Government shall have the right to use or disclose the information herein 
to the extent provided by law. This restriction does not limit the Government's 
right to use the information if it is obtained without restriction from another 
source. 



13. DISCLOSURE PERMISSION STATEMENT: If this application does 
not result in an award, is the Government permitted to disclose the title 
only of your proposed project, and the name, address, and telephone num- 
ber of the official signing for the applicant organization, to organizations 
that may be interested in contacting you for further information or possible 
investment? Q Y ES □ NO 



14. OFFICIAL SIGNING FOR APPLICANT ORGANIZATION 



Name: 

Title: 

Address: 



THOMAS McQUAID 
ASSISTANT TREASURER 
20 STANIFORD STREET 
BOSTON, MA 02114 



Telephone: 
FAX: 



(617) 
(617) 



912-0301 
912-0335 



B1TNET/INTERNET Address: 



15. PRINCIPAL INVESTIGATOR ASSURANCE: I certify that the statements 
herein are true, complete, and accurate to the best of my knowledge. I am 
awar^e that any false, fictitious, or fraudulent statements or daims may subject 
me to criminal, civil, or administrative penalties. I agree to accept responsibility 
for the scientific conduct of the project and to provide the required progress 
reports rf a grant is awarded as a result of this application 



SIGNATURE OF PERSON NAMED IN 3a 
(In ink. "P^f signature riot jtcspptablej 



DATE 



16. APPLICANT ORGANIZATION CERTIFICATION AND ACCEPTANCE: 
I certify that the statements herein are true, complete, and accurate to the 
best of my knowledge, and accept the obligation to comply with Public Health 
Service terms and conditions if a grant is awarded as a result of this applica- 
tion. I am aware that any false, fictitious, or fraudulent statements or claims 
may subject me to criminal, civil, or administrative penalties. 



SIGNATURE OF PERSON NAMED IN 14 
(In ink. 'Per sjgtiature not acceptable.) 




DATE 



PHS 6246-1 (Rev. 1/95) 



Face Page 



AA 



Department of Health and Human Services 
J Public Health Service 


: OMB No. 0925-0001 

LEAVE BLANK-FOR PHS USE ONLY. 


Grant Application 

1 Follow instructions carefully. 

J Do not exceed character length restrictions indicated on sample. 


iype Activity 


Number 


Review Group Formerly 




Council/Board (Month, Year) 


Date Received 



CEREBRAL DELIVERY OF VECTORIZED ANTI-BETA-AMYLOID ANTIBODY 

|2. RESPONSE TO SPECIFIC REQUEST FOR APPLICATIONS OR PROGRAM ANNOUNCEMENT U NO LXJYES OfYes,- stale number and title) 
Number: ™2i PREPARED IN RESPONSE TO NIA AND NINDS ANNOUNCEM ENT-ALZH EiM E R'S DISEASE 



3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR 



|3a. NAME (Last, first, middle) 

RASO, VICTOR A 



|3d. POSITION TITLE 

SENIOR SCIENTIST 



3f. DEPARTMENT, SERVICE, LABORATORY, OR EQUIVALENT 



3g. MAJOR SUBDIVISION 



3b. DEGREE(S) 

PH.D. 



3c. SOCIAL SECURITY NO. 



3h. TELEPHONE AND FAX (Area code, number and extension) 
TEL: (617) 912-0316 

FA * (617) 912-0308 . 

4a. If "Yes," Exemption no. 

| — ] Full IRB fit 
| — | Expedited 
I | Review 



3e. MAILING ADDRESS (Street, city, state, zip code) 
BOSTON BIOMEDICAL RESEARCH INST. 

20 STANFORD STREET 

i 

BOSTON, MA 02114-2500 

E-MAIL ADDRESS: 

RASO@BBRI.HARVARD.EDU 



1 4. HUMAN 
SUBJECTS 

No 

Yes . 



IRB approval date 



1 6. DATES OF PROPOSED PERIOD OF 
SUPPORT (month, day, year-MM/DD/YY 

(From 

7/01/99 



Through 

6/30/03 



4b. Assurance of 
compliance no. 



5. VERTEBRATE 
ANIMALS 



n no 

-fyj Yes 



5a. If "Yes,' 

IACUC approval 
date 

02/02/96 



5b. Animal welfare 
assurance no. 



A3177-01 



7- . COSTS REQUESTED FOR INITIAL 
BUDGET PERIOD 



7a. Direct Costs {$) 

$198,885 



7b. Total Costs ($) 

$348,944 



8. COSTS REQUESTED FOR PROPOSED 
PERIOD OF SUPPORT 



8a. Direct Costs ($) 

$829,005 



8b. Total Costs ($1 

$1,466,226 



9. APPLICANT ORGANIZATION 
I Name 



(Address 



BOSTON BIOMEDICAL RESEARCH INST. 
20 STANFORD STREET 
BOSTON, MA 02114-2500 



10. TYPE OF ORGANIZATION 

Public: O Federal [J State' H 

Private: ^ g] Private Nonprofit 

Forprofit: f~~! General j~l Small Business 



Local 



13. ADMINISTRATIVE OFFICIAL TO BE NOTIFIED IF AWARD IS MADE 



I Name 
Title 

| Address 



I Telephone 
FAX 



E-Mail 
| Address 



THOMAS J. MCQUAID 
ASSISTANT DIRECTOR 
BOSTON BIOMEDICAL RESEARCH INST. 
20 STAMFORD STREET 
BOSTON, MA 02114-2500 

(617) 912-0301 
(617) 912-0335 
MCQUAID@BBRI.HARVARD.EDU 



1 15. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSURANCE: 
I certify that the statements herein are true, complete and accurate to the 
best of my knowledge. I am aware that any false, fictitious, or fraudulent 
statements or claims may subject me to criminal, civil, or administrative 
penalties. I agree to accept responsibility for the scientific conduct of the 
project and to provide the required progress reports if a grant is awarded 
as a result of this application. 



16.APPLICANT ORGANIZATION CERTIFICATION AND ACCEPTANCE* 
I certify that the statements herein are true, complete and accurate to the 
pest of my knowledge, and accept the obligation to comply with Public 
Health Service terms and conditions if a grant is awarded as a result of this 
app icalion. I am aware that any false, fictitious, or fraudulent statements 
or claims m ay subject me to criminal, civil, or admini strative penalties 
PHS 398 (Rev. 5/95) — " 



1 1 . ORGANIZATIONAL COMPONENT CODE 



12. ENTITY IDENTIFICATION NUMBER 
1 042451 935A1 



60 



Congressional District 
9 



14. OFFICIAL SIGNING FOR APPLICANT ORGANIZATION 

Name KATHLEEN G. MORGAN, PH.D 
DIRECTOR 

BOSTON BIOMEDICAL RESEARCH INST. 
20 STANFORD STREET 
BOSTON, MA 02114-2500 



Title 
Address 



Phone 
FAX 



E-Mail 
Address 



(617) 912-0330 
(617) 227-6053 
MORGAN@BBRI.HARVARD.EDU 



SIGNATURE OF PI/PD NAMED IN 3a. (In ink 
"Per signature not acceptable.) 



SIGNATURE OF OFFICIAL NAMED IN 14. (in ink 
"Per" signature not acceptable.) 



Y 



Page 



B000476 




/ 



DATE 



DATE 



AA 



Principal Investigator/Program Director (Last, first, middle): RaSQ Vjctor A 



to serve as a succinct and accurate desSon of Z T^ s t lT^ P , ' f ccom P hshments and the «» ot .he firs, person. This description is mean, 

as is. will become public info^Uon Sore 1 nofS nl 7^ se P a ; aled ," Dm »* application. II the application is landed. .h 1S description. 
. I "uormauon. I nerelore. do not include propnetary/confidenlial i nformation. DO NOT EXCEED THE SPACE PROVIDED 

from TceStrfXp n- ' ? am ™ ac,d residue P e P tide is P^uced in the central nervous system by cleavage 
eintll'v d1oo,it, Z > I M° ? 6 - m - ThUS> S0 ' Ub,e B - amy '° id existS ,ree in ,he brain and cerebrospina. fluid and it 

aXS^XZS^ 0 f K« ~ £ K J-~^ — 



system 
yeetof, carrying the 

.brain and directly perturb B-amyloid equilibria. ™* u * v,riue of their * bm V «° enter the 

Lin. «,h, J he e,,e ° l ° f lh ° Se yectori2ed antibodies will be tested using an established colony of Tg2576 transaenic 

&X^th'.^, f0 n™ T h r a " M my '° id Pr6CUrS0r Pr0t6in 3nd P^eUaL^ 
peo tides ^r!^ bpln hIh f r -7 m °" ths 1 of a 9 e " Human B-*myloid peptides and transition state analogs of those 
DmtPnl!ti, . . ^ C,t monoclonal antibodies in mice. The antibodies have been chacterized by EUSA and 

aZS-I™ Sete ? T ShOW h hi 9 h - a,finit V Ending to 6-amyloid. or cata.ytic activity t a^ ab^to 
P^^^^^ id an/bodies to an a'nti- 

^^S l M . 1 " li l lTT t r r t n jyj^^ ^ ffl H^ H^^ nSCyt0S ' S - IS* 5 vec,orized bispecific 
If^^^^^mM. AntiboaVt^d^^ t o comroSs|i^Sf Sis ' 

PERFORMANCE SITE(S) (organization, city, state) 

BOSTON BIOMEDICAL RESEARCH INST 
20 STANFORD STREET 
BOSTON, MA 02114 



KEY PERSONNEL. See instructions on Page 1 1 . Use continuation 



Name 

Victor Raso 
Katherine Sheldon 
Christine Kearney 



pages as needed to provide the required information in the format shown below. 
Organization 



Boston Biomedical Research Institute 
Boston Biomedical Research Institute 
Boston Biomedical Research Institute 



Role on Project 

Principal Investigator 
Research Associate 
Research Technician 
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BB 



r 



Principal Investigator/Program Director (Last, first, middle): Raso, Victor A 



^Irtrtior^page If™** inves,i 9 a,or/ P ro 9 ram direc, ° r « «°P °» each printed page and each continuation page. (For type specifications. 



RESEARCH GRANT 
TABLE OF CONTENTS 



Page numbers 

Face Page. 1 

Description, Performance Sites.and Personnel ; _ 2- 

Table of Contents ; - "g ~ 

Detailed Budget for Initial Budget Period "4 

Budget for Entire Proposed Period o! Support ' 5.5 — 

Budgets Pertaining to Consortium/Contractual Arrangements ~ 

Biographical Sketch-Principal Investigator/Program Director (Not to exceed two pages) * *IZ "T-'B — 

Other Biographical Sketches (Not to exceed two pages for each) t "9 - 1 U 

Other Support ; ' - | - j . ■) ^ 

Resources '. T3 



0 exce 




Research Plan " v 

Introduction to Revised Application (Not to exceed 3 pages) 14-16 

Introduction to Supplemental Application (Not to exceed 1 page) 

a. Specific Aims 

b. Background and Significance ....... 

c. Preliminary Studies/Progress Report f„ f !!.?!??. *~?;.!? ot to exceed 25 P a 9 es *l 

d. Research Design and Methods 

e. Human Subjects 

f. Vertebrate Animals 

g. Literature Cited 43.47 

h. Consortium/Contractual Arrangements 4 7 

i. Consultants ^47 

Checklist 

Personnel Report (Competing Continuation only) 

'Type density and type size of the entire application must conform to limits provided in instructions on page 6. 

» v Check if 

Appendix (Five collated sets. No page numbering necessary for Appendix) Appendix is 

m k * ... Included 

Number of publications and manuscripts accepted or submitted for publication (not to exceed 10) 6 . 

Other items (list): 

Figure 7 
Figure 14 
Figure 18 
Figure 19 

Four Letters of Support 



48 
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Principal Investigator/Program Director (Last, first middle): 



Raso. Victor A. 



DETAILED BUDGET FOR INITIAL BUDGET PERIOD 
DIRECT COSTS ONLY 



FROM 



12/1/98 



; THROUGH 

1 1/30/02 



PERSONNEL (Applicant organization c 
NAME 


My) 

ROLE ON 
PROJECT 


TYPE 
APPT. 
(months 
> 


% 

EFFORT 

ON 
PROJ. 


INST 
BASE 
SALARY 


DOLLAR A 

SALARY 
REQUESTED 


MOUNT REQUE 

FRINGE 
BENEFITS 


ISTEDfomil cents) 
TOTALS 


Victor A. Raso 


Principal 
Investigator 


12.0 


50 


$104,650 


$52,325 


$15,174 


$67,499 


Katherine Sheldon 


Res Assoc 


12.0 


100 


$42,950 


$42,950 


$12,456 


$55,406 


Christine Kearney 


Res Tech 


12.0 


100 


$27,515 


$27,515 


$7,979 


$35,494 


Angela J. DiPerri 


Assist. 


12.0 


10 


$36,500 


$3,650 


$1,059 


$4,709 


































































.qilRTOTAIQ > 
HDMCI II T A kit rncTc *> 


$126,440 


$36,668 


$163,108 



EQUIPMENT (Itemize) 
Liquid Nitrogen Tank 
DEAE memsep column 
ProA memsep column 
12-channel pipetter 
SUPPLIES (Itemize bv 



$3,338 
$1,500 
$575 
$650 




$6,063 



Tissue culture sup. (media, sera, etc.) 
Glassware & Disposables 
Consumable Lab Supplies 
Radiochemicals 
Immunochemicals 



$7,500 
$1,500 
$2,000 
$1,500 
$2,000 



Chromatography matls. $2,500 
Chemistry sup./reagents $2,500 
100 mice @ 7.14 ' $714 





ALTERATIONS AND RENOVATIONS (Itemize by category) 



OTHER EXPENSES (Itemize by category) 
Intracerebral Cannulation 
. Publ. -Costs 

Animal Housing/Breeding 
Histological Services 




$500 
$1 ,000 
$6,000 

$500 



SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD 

CONSORTIUM/CONTRACTUAL 
COSTS 



$8,000 



DIRECT COSTS 



$ 198,885 



INDIRECT COSTS 



TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (Item 7a. Face Page) 



PHS 398 (Rev. 5/95) " " 

Number pages consecutively at the bottom throughout the application. Do 



(Form Page 4) Page _4_ 
no\ use suffixes such as 3a. 3b.. 



$ 198,885 



DD 



B000479 



Principal Investigator/Program Director (last, first. 



Rpsn Vintnr A 



BUDGET FOR ENTIRE PROPOSED PERIOD OF SUPPORT 
DIRECT COSTS ONLY 



BUDGET CATEGORY 
TOTALS 


INITIAL BUDGET 
PEROID 

(from Form Page 4) 


ADDITIONAL YEARS OF SUPPORT REQUESTED 


2nd 


3rd 


4th 


5th 


PERSONNEL: Salary and 

fringe benefits 

Applicant organization only 


$163,108 


$169,632 


$176,418 


$183,474 




CONSULTANT COSTS . 












EQUIPMENT 


$6,063 


$1,500 


$1,500 


$1 500 




. SUPPLIES 


$20,214 


$21,023 • 


$21 863 


$22 738 




TRAVEL 


$1,500 


$1,500 


$1 500 


$1,500 




PATIENT 

CARE 

COSTS 


INPATIENT 












OUTPATIENT 


- 










ALTERATIONS AND 
RENOVATIONS 












OTHER EXPENSES 


$8,000 


$8 320 








SUBTOTAL DIRECT COSTS 


$198,885 


$201,975 


$209,934 


$218,211 




CONSORTIUM/ 
CONTRACTUAL 
COSTS 


DIRECT 












INDIRECT 












TOTAL DIRECT COSTS 


$198,885 


$201,975 


$209,934 


$218,211 




TOTAL DIRECT COSTS FOR ENTIRE PROPOSED PERIOD OF SUPPORT (item 8a, Face Page) ->j $ 829,005 



Personnel: The P.I. will devote 50% time/effort to supervise the overall project and the scientific endeavors of both the 
res. assoc., Katherine Sheldon (100% time/effort) and the res. tech., Christine Kearney (100% time/effort). The P.I. and 
res. assoc. will take responsibility for the chemical synthesis and evaluation of all transition state peptides, their 
C ° n J^^ antibodies and their characterization. They will ' 

Scarry out mass spectral 

analyses of transition' state vesus native AB peptides oW^^^W^Mx^&f\ * 
• plan = .and--iniDlement immuni7atinn nrntnrnk fnr parh nf tho manw k 



^^#&pf&^ nl irnrnun^ 31 ' 00 protocols for each of the many hybridoma fusions required in this project 
■ pfe^® f n¥-lTy b rii^r|^ ^ift^i 6 n s to generate anti-AB and anti-transition state analog AB peptide antibodies 
screen the specificity of these new anti-A3 monoclonal antibodies 

develop and utilize catalytic antibody screening assays based upon hydrolytic cleavage of the A3 peptide 
purifiy antibodies to fully define their specificity and catalytic activity 

screen the these new anti-AB monoclonal antibodies for their ability to dissolve AB aggregates 
analyze the peptide cleavage products produced by the catalytic antibodies 
carry out radiolabeled-AB biodistribution studies in mice 
perform genetic analyses on "Alzheimer's mice" 

determine if i.v. administered radiolabeled-AB will localize within the plaques of "Alzheimer's mice" 
perform intracerebral injections of anti-AB antibodies into canhulated Tg mice 
construct the different vectorized anti-AB reagents needed for this project 

compare different vectorized antibodies for their ability to displace AB equilibria in "Alzheimer's mice" 
determine the ability of passively administered vectorized anti-AB antibodies to delay or reverse AB plaque formation 
determine if vectorized anti-AB antibodies will delay or prevent memory impairment in the "Alzheimer's mouse" 
p . xaminp "A l zhpimpr's mire" fnr advprsp pfferts di.P to tr^tmont w it h v^nn^ri pntj.AR *ntihnHi & e 
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Raso, Victor A. 

A full time research technician is required to maintain the smooth operation of all of the support functions 
which allow the laboratory to run effectively. Some of the technical areas for this project include: 

• collection of ascites from mice for monoclonal antibody isolation 

• the purification and analysis of peptides by HPLC 

• the analysis of peptide conjugates by PAGE 

• determination of amino acid composition of the AB and AG transition state analog antigens 

• maintenance of established cell lines and hybridoma clones 
*■ bleeding mice to test for the production of antibodies 

• running radioimmunoassays 

• assisting in the performance of hybridoma fusions 

• cryo-preservation of cells 

• screening hybridoma clones by ELISA 

. • collection of ascites from mice for monoclonal antibody isolation 

• purification and testing of monoclonal antibodies 

• assisting in the brain imaging studies 

• assisting in the learning and memory deficit evaluations 

• ordering and maintaining laboratory reagents and supplies 

• sterilization of equipment/cages and surgical instruments 

• preparation of buffers and reagents 

Administrative assistance is needed for typing manuscripts and correspondence as well as for 
maintaining records of purchases and expenditures. 

Equipment: A variable volume. 1 2-channel pipetter is needed for removing, transferring and dispensing small 
aliquots of hybridoma supernatant from multiple 96-well plates during catalytic antibody screening 
procedures. The protein A Memsep and DEAE Memsep columns are needed to prepare highly purified 
monoclonal antibodies and Fab fragments which must be free of extraneous enzymatic activity. The liquid 
nitrogen freezer is requested because we have exceeded the storage capacity of our present freezer and we are 
producing new hybridomas at a prodigious rate. 

Supplies: The experimental studies planned will require substantial supplies for each of its distinct 
components; peptide synthesis, hybridoma production, monoclonal antibody purification, bispecific antibody 
synthesis, transgenic mouse biodistribution and therapy trials. The generation of numerous monoclonal 
antibodies is reflected in the need for purchasing adequate tissue culture supplies and for the considerable 
number of mice required for immunization and ascites production. The chemistry supplies are needed for the 
synthesis of all of the native and transition state peptides required for inducing and testing anti-AB antibodies. 
The funds requested include the cost of F-moc-statine analogs (~$1,000/gm) that are required for several of 
the transition state peptides described in the proposal. Chromatography materials will be used during the 
synthesis of new peptides and for the purification of monoclonal antibodies. 

Other Expenses: Intracerebral cannulation of Tg mice will be performed by Tacconic Laboratories at a cost of 
~ $38/mouse. Animal housing is requested for maintenance of the transgenic mice and mice used in the 
numerous hybridoma fusions which will be performed and for ascites production. Funds for travel to one or 
two national meetings per year are requested for both the P.I. and research associate to present research 
findings. 

Duration of Support. Four years of support have been requested. I believe that the productivity and pioneering 
discoveries of my laboratory have proven our long-term commitment to the study of immunology and to the 
development of new strategies for realizing its clinical usefulness. The proposed research is fairly 
straightforward but many problems will have to be addressed to achieve our goals. The duration requested will 
a low us to follow up these novel developments and continue to gain new and important scientific insights 
Moreover, the research has been- designed so that its fundamental findings may have a direct application to 
human disease. I feel that the 4-year support is well justified for these reasons 

All categories are projected at a 4% increase per year. Equipment is projected at $1 ,500 for years 2- 
4 for the purchase of small equipment items to replace worn or obsolete instruments as needed Frinqe 

Jol i S k 3 ' 6 ? CU,at l ed at 2 ? % for Passional and non-professional personnel. Indirect costs are calculated 
at 92% based on salary and wage. 
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Photocopy this page or follow this format for each person 



NAME 



Victor A. Raso 



POSITION TITLE 



Sr. Scientist 




INSTITUTION AND LOCATION 

Fordham University, Bronx, NY 
Tufts University, Boston, MA 



DEGREE 
(if applicab le) 

B.S. 
Ph.D. 



YEAR(s) 
1967 

1973 



FIELD OF STUDY 

Biology 

Biochemistry . 
Immunochemistry 



all pubncations during the pas. three VBa^^el^veTa^^ chr0TOl °9^l order, the titles, all authors, and complete references to 

exceeds two pages. LJL mos^S^^ * "* " ,he of pupations in the .as, three years 

Professional Experience: 



1973-1974 
1973-1981 

1981-1988 

1988-1989 
1989- 



Associate in ^^^^^»fai^ard Medical School 

Ca?ce r ^ti^^^ #0f Biochemical Pharmacology, Dana-Farber 

Assistant Professor of Pathology, Dana-Farber Cancer Institute 
Harvard Medical School , 

S^pr ScfSfs^BBRl" 011 fei ° mediCal Res tost " ^ of Ce » & Moi Biology 

S^S^If? Ure ^ and at ^ NAT0 Adv anced Studies Inst., "Receptor 

Mediated Targeting of Drugs," Cape Sounion, Greece P 

Lecturer Workshop on the Use of Monoclonal Antibodies in Tumor Therapy " 
National Institutes of Health, Bethesda MD inerapy, 
Invited Lecturer at the American Association for the Advancement of Science 
Symposium on "Molecular Targeting of Drugs " NY NY 
Invited Speaker . at the Gordon Research Conference on "Drue Carriers in 
Biology and Medicine," Plymouth NH 8 Larners m 

Invited Lecturer at the Plenary Sess. in the UCLA Sympos. on Molecular and 
Cellular Biology, "Membrane-Mediated Cytotoxicity," Park City UT 
Se^ « "°™« triers in Bio^and 

Symposium Speaker, "Biological Approaches to the Controlled Delivery of 
Drugs: Barriers, Technology and Therapies," New York Acad of ScTenTes NY 

SSSL^S'Sfp" th6 T FirSt ImernaL Symp " ° n otoxins Durham' NC 

Kecipient of the Pierce Immunotoxin Award 

rh!t^ at S H°c nd I ? temaL Sym P° s - on Inimunotoxins, Buena Vista FL 
A^rth^f , Speak6r ' Fifth Inter n^ional Conference on Monoclonal 
Antibody Immunoconjugates for Cancer, San Dieoo CA 

Publications (Partial)- 
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Honors: 
1983 

1983 

1984 

1984 

1986 

1986 

1987 

1988 
1988 
1990 
1990 

1993 

1996 
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2. Raso V and Stollar BD. The antibody-enzyme analogy. Characterization of antibodies to 
phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-591. 

3. Raso V and Stollar BD. The antibody-enzyme analogy.' Comparison of enzymes and antibodies 
specific for phosphopyridoxyltyrosine. Biochem. 1975; 14: 591-599. 

4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed Fab'-ricin A 
chain conjugate- J Immunol. 1980; 125 :2610. 

5. Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of ricin to 
immunoglobulin bearing target cells. Cancer Res. 1981; 41:2073. 

6. Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A chain conjugate 
which is selectively cytotoxic for cells bearing the common acute lymphoblastic leukemia 
antigen (CALLA). Cancer Res. 1982; 42:457. 

7. Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target cells. In: 
Moller, G, Ed. Immunological Reviews: Antibody carriers of drugs and toxins in tumor therapy 
Copenhagen: Munksgaard, 1982: 93-117. 

8. Raso V and Basala M. A highly cytotoxic human transferrin-ricin A chain conjugate used to 
select receptor modified cells. J Biol Chem. 1984; 259:1 143. 

9. Raso V and Lawrence J. Carboxylic ionophores' enhance the cytotoxic potency of ligand- and 
antibody-delivered ricin A chain. J Exp Med. 1984; 160:1234. 

.10. Raso, V, Watkins SC, Slayter H and Fehrmann C. Intracellular pathways of ricin A chain 
cytotoxins. In: Juliano R, Ed. Biological approaches to the controlled delivery of drugs: 
barriers, technologies and therapies. Ann. of the New York Acad, of Sci.. 1988; 507:172-185 

11. Raso V. and McGrath J. Diphtheria toxin cures athymic mice of human malignant 
mesothelioma. J. Natl. Cancer Inst. 1989; 81, 622-627. 

12. Raso, V. The magic bullet - nearing the century mark. In: Osborn, M. ed. Seminars in Cancer 
Biology. Antibodies in diagnosis and therapy, 1990. vol. 1 pp 227-242 

13. Recht, L., Torres, C. O., Smith, T. W., Raso, V. A., and Griffin, T. W. (1990) Transferrin receptor 
in normal and neoplastic brain tissue: Implications for brain-tumor immunotherapy. J 
Neurosurg 72, 941-945. vy J 

14. Rakowicz-Szulczynska, E, Kaczmarski, W, Raso, V, Steimer, KS, Durda, P. Internalization of 
anti-gpl20 monoclonal antibody and human antibodies by HIV- 1 -infected T lymphocytes 
Antibody, Immunoconjugates, and Radiopharmaceuticals 1993; 6: 209-219 

15. Griffin, T. and Raso, V. Monensin in lipid emulsion for the in vivo potentiation of ricin A 
chain immunotoxins. Cancer Res., 1991;51:4316-4322. 

16 Griffin, T., Rybak, M.E., Recht, L., Singh, M., Salimi, A., Raso, V. Potentiation of antitumor 

immunotoxins by liposomal monensin. J. Nad. Cancer Inst. 1993; 85: 292-298. 
} 7 ' * as £' V - Im munotargeting Intracellular Compartments. Anal. Biochem. 1994; 222- 294-304 
i«. Gnttin, T., Recht, L., Maher, E, Delichatsios, H., Raso, V. 1994; Antibody and Ligand-Toxin 
Conjugates as Therapeutic Agents. In: Cancer Therapy in the Twenty-First Century Vol L 
iq p u^ U i n and l ^ n ^ nolo ^ c Approaches (Huber, B.E. and Carr, B.I. eds). Futura Publishing Co 
U. Kecht, L., Raso, V. Davis, R. and Salmonsen, R. Immunotoxin sensitivity of CHO cells expressing 
- human transferrin receptors with differing internalization rates. " Cancer Immunol. 
Immunotherpy. 1996; 42: 357-361 

20 - ^™ i] f h * m AL j Naif H Saksena N, Lynch G, Raso V, Li S, Chang J, Alali M, jozwiak R, et al.: 
HIV infection of macrophages and the pathogenesis of the AIDS dementia complex- 
Interaction of the host cell and viral genotype. Submitted. J. Leuk. Biol. 1997 
Recht LD, Griffin TW, Raso V, Salimi AR. Potent cytoxicity of an antihuman transferrin 
6696 P 6700 1Cm immunotoxin on human glioma cells in vitro. Cancer Res 1990- 50- 
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nf^h;^ 11111 ^^^' Na J f H * AdamS SL ' Lynch GW ' S,oane A ' Raso V: Dichotonious effects 
or L-chemokines on HIV replication in monocytes and monocyte-derived-macrophaoes 
(manuscript in preparation). 1997 p««»o«- 

Lynch GW Sloane A, Raso V, Cunningham A: Direct evidence of CD4 oligomers in lymphoid and 
monocytoid cells. Submitted. Proc. Natl. Acad. Sci 1997 mpnoia ana 

Raso, V. Intracellular targeting using bispecific antibodies. Meth. Mol. Med 1997- in Dress 
Raso, V Brown, M.,.McGrath, J., Liu, S. and Stafford, W. Antibodies capable of releasin dfohr 
hena toxin in response to the low P H found in endosomes. j. Biol. Chem 199?- ° 7?- 27618 
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NAME 




POSITION TITLE 






Katherine M. Sheldon 




Research Associate 



INSTITUTION AND LOCATION 


DEGREE 
(if applicable) 


YEAR(s) 


FIELD OF STUDY 


Acadia University, Canada 


BScH 


1985 


Chemistry 


Univ. of Toronto, Ont., Canada 


MSc 


1987 


Biochemistry 




PhD 


1991 


Biochemistry 



RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience, and honors. 
Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and complete references to 
all publications during the past three years and to representative earlier publications pertinent to this application. If the list of publications in the last three years 
exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO. PAGES. 

Professional Experience: 



.1991-1993 
1993 - present 
Publications: 



Postdoctoral fellow, Ontario Cancer Institute, Toronto, Ont., 
working on production of novel peptides that can be used as 
cellular targeting agents. 

Research Associate, Boston Biomedical Research Inst., Boston, MA. 
Immunochernistry and monoclonal antibody development 



Baumal, R., Law, J., Buick, R., Kahn, H., Sheldon, K., Colgan, T., and Marks, A. Monoclonal antibodies to an 
epithelial ovarian adenocarcinoma: Distinctive reactivity with xenografts of the original tumour and cultured 
cell line. 1986. Cancer Res. 46:3994-4000. 

Bailey, D., Baumal, R., Law, J., Sheldon, K., Kannamphuzha, P., Stratis, M., Kahn, H. and Marks, A. 

Production of a monoclonal antibody specific for seminomas and dysgerminomas. 1986. P roc Natl Acad 
Sci. USA, 83:5291-5296. . . . . 

Sheldon, K., Marks, A. and Baumal, R. Characterization of binding of four monoclonal antibodies to the human 
ovarian adenocarcinoma cell line HEY. 1987. Biochem. Cell. Biol. 65:423-428. 

Reilly, R. and Sheldon, K. Monoclonal antibodies in cancer diagnosis and therapy. 1987. Can. J. Hosp Pharm 
40: 209-214. 

Ettenson, D., Sheldon, K., Marks, A., Houston, L. and Baumal, R. Comparison of growth inhibition of a human 

ovarian adenocarcinoma cell line by free monoclonal antibodies and their corresponding antibody 

recombinant ricin A immunotoxins. 1988. Anticancer Res. 8:833-838. 
Reilly, R., Sheldon, K., Marks, A., and Houle, S. Labelling of monoclonal antibodies 10B, 8C and M^A with 

indium-Ill. 1989. Appl. Radial hot. 40:279-283. 
Sheldon, K., Marks, A., and Baumal, R. Sensitivity of multidrug resistant KB-C1 cells to an antibody-dextran- 

adrtamycin conjugate. (1989) Anticancer Res. 9:637-642. 
Sheldon, K., Reilly, R., Baumal, R. and Marks, A. Imaging of human ovarian tumour xenografts in nude mice 
7 , u A sm S a " ovel 1 1 1 -In-labelled monoclonal antibody (10B). (1991) Nucl. Med. Biol. 18:519-526 
Zhang, A.M., Ballinger, J.R., Sheldon, K. and Boxen, I. Evaluation of reduction mediated labelling of antibodies 

with technetium-99m. (1992) Appl. Radiat. Isot. 19: 607-609 anuooaies 
Sheldon, K., Marks, A. Baumal, R. Targeting of 1 1 1 -In-biocytin to an ovarian adenocarcinoma cell line usin* 
c , , , monoclonal antibody-straptavidin conjugates. (1992) Appl. Radial. Isot. 43:1399-1402 

^IfflMSto n^" 9 " 6 det£Cting flu ° reSCentl y ,abelled ^ ^ very low densities. 
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Texic, M., Sheldon, K.M., Ballinger, J.R., and Boxen, L Labelling small quantities of monoclonal antibodies and 
their F(ab )2 fragments with technetium-99m. ( 1 995) Nucl. Med. Biol. 22: 45 1 -457. 

Ballinger, J.R., Sheldon, K.M., Boxen, I., Erlichman, C, and Ling, V. Differences between accumulation of 
99m-Tc-sestamibi and 201-Tl-thallous chloride in tumour cells: role of p-glycoprotein. ( 1 995) Quart J 
Nucl. Med. 39: 122-128. " ' 

Remy, S Reilly, R., Sheldon, K., and Gariepy, J. A new radioligand for the epidermal growth factor receptor: 
1 1 lln labelled human epidermal growth factor derivatized with a bifunctional metal-chelating peptide 
(1995) Bioconj. Chem. 6: 683-690. 

Sheldon, K., Liu, D., Ferguson, J., and Gariepy, J. Oligomers: design otde novo peptide-based intracellular 
vehicles. (1995) Proc. Natl. Acad. Sci. USA 92: 2056-2060. 
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;,/: OTHER SUPPORT 

Raso, V. 

PENDING • 

NIH (Raso) 4/1/99-3/31/01 

. A „. „ $70,000 30% 

A Binary System for Cell-Targeted Delivery 

The major goal of this project is to develop a two part system for delivering the isolated, non-toxic 
complementary functional domains of a toxin to two distinct target sites on a cell; Improved targeting of cells 
and reduced non-specific toxicity will result because, these non-toxic halves can combine to regain activity 
exclusively in the dual-labeled target cells. 3 
OVERLAP 

There is no scientific overlap between the application under consideration and this proposal which was 
submitted. There is budgetary overlap so if both are funded my percent effort would be adjusted and additional- 
personnel would be recruited to fulfill the objectives. 

i '.i 

Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/02 

- _ $90,000 30% 

Vaccine to Elicit Catalytic Anti-Cocaine Antibodies 

The major goal of this project is to develop a vaccine which will induce catalytic antibodies capable of 

inactivating cocaine by hydrolytic cleavage. 

OVERLAP 

There is no scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 

Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/02 

w ■- t-m • $150,000 30% 

Vaccine to Elicit Catalytic Antibodies Against HIV 

The major goal of this project is to develop catalytic antibodies that will inactivate HIV by specifically 

™ °s™ zin s Md cat ^ vtica ^ . 

OVERLAP r 

I h iSfinJ 0 ^ ientif,C °u er,ap b l tW f e " the a PP lication "nder consideration and this proposal which was 
annmnrii7? ere ™ y be t S0meb ^ 0 ^ overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff; J 

Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/01 

Vaccine To Modulate Systemic 6-Amyloid Levels $75 ' 000 30% 

Taam^lneTl 0 !!?^ P T,? ? * * VaCCme t0 induce conventional, ^emic antibodies directed 

gams^the j3-amyl 0l d peptide for potential use in the immunotherapy of Alzheimer's disease. 

Ju h brnl« e r^i Cientl K C ° Verl t b , etWeen th£ a PP ]icati °n ""der consideration and this proposal which was 
^^y^^^^ 50 lf ^ « ^ »V -uld be adjured 
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Raso, V. 
PENDING 

Alzheimer's Association (Raso) 6/30/99-5/3 1/02 

• ^ $60,000 20% 

Vaccine To Modulate Systemic 6- Amyloid Levels 

The major goal of this project is to develop a vaccine to induce conventional, systemic antibodies directed 
™S?t "^fi-amyloid peptide for potential use in the immunotherapy of Alzheimer's disease. 
OVERT ,AP 

There is minor scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 
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RESOURCES 



S^ela^^ P^o-nce sites and describe capacities, pertinent 

SDftcifv rhA Avion. .'I ». ^ ""ywine project Under Other, identify support services such as machine shop, electronics shop, and 



specify the extent to which they will be available to the project. Use continuation 



Laboratory: 



pages if necessary. 



The PI occupies approximately 1000 sq. ft. of laboratory space on the 2nd floor of the Boston 
Biomedical Research Institute and has access to 900 sq. ft. of common space. 



Clinical: 



Animal: 



A complete small animal facility, including a room dedicated to handling athymic and transgenic 
mice, is located in the basement of the Institute. 



Computer: 



Office: 



l^T Va Z W f 316 connected to the Internet. Several Macintosh computers are also 
located in the lab and office for image processing, data analysis, literature searchs, sequence 
analysis, etc. The Silicon Graphics Iris Indigo XS24 graphics workstation at BBRI ^available to 
tins project ror molecular modeling. 

&K5T&l£hC!^ spacc is all0,t5d 10 * FI on ,he second fl0 °' of ,he B — 



Other 



A? S! I W L eq " ipped 1 ™ ch,ne , s iPP> an in - hou se library and access to the Tread well library at 
the Massachusetts General Hospital. The BBRI has a PerSeptive Biosystems Voyager RP MALDI- 

iWe?«,r SP f k.*? in " h ° USe fluorescence flow ^etry facility is available. A molecular 

Httvct system is available for acquiring and digitizing radioisotopic brain images. There is an X-ray 
chrystalography facility ocated at the BBRI. We have access to an in-house Morphology Un"t that 
prov,des Histology Services, Electron Microscopy Services and Confocal Microcopy Services 



bUU '™ E " T: L,S1 "» ™*' "W. equipment .terns a.ready avaiia ote for ,h, S proiect. noting me .oca„on and pert.nen, capacities o, each . 

evanoSr n' ™ CTOSC ?Pt> cUnicaI centr if»ge. 6 ft. laminar flow hood 1 liquid N' t^k (full) flash 
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INTRODUCTION: This revision of "Cerebral Delivery of Vectorized Anti-Beta-Amyloid Antibody- 
addresses the recommendations and constructive criticisms expressed in the IRG summary 
statement. We have added a new specific aim and methods section to comply with the astute 
suggestion to infuse our anti-Afl antibodies directly into the brain. Additional preliminary studies 
have been submitted, including fluorescence micrographs, to demonstrate our ability to prepare 
transgenic mouse brain sections for A0 plaque analysis. We have also tried to answer each of the 
poignant questions raised in the summary statement. 



«nt- a« Z e °l- " sio " of Anti-AS into the Brain; The recommendation that we test our 

(aiiti-A6 antibodies for effectiveness in vivo prior to creating bispecific reagents is perfectly logical 

|l^^P|Pnta^^^^^^^^ ^ ai " S ° ^^^^^ 

; ^eqtent action 'ISdfiTS!^ o^^r^^S^^^ 

momtored (see Specific Aim A.lc and Research Design and Methods Section D.I c). This valuable 

KS?? * T * P US SCleCt anU "" A * antibodies which should produce the best vectorized 
bispecific reagents for affecting cer ebral pl aques. 



HP 



M^W^M^^^m§^^^^K^^^^^^^^^^^^^ : We have also enlisted the "help of " 
i. J. Toung^who routinely performs bram clnmalation procedures here at our in-house BBRI 
animal facility. We have and will continue to consult with him regarding these infusion experiment^ 

antihoHi!? 116 'f" 51011 H ChniqUCS *** ideal for demonstrating an immediate effect of our anti-AJJ 
^frnals It h ? ^T' ^ to l°ng-tenn studies or for the chronic treatments 

S .ntLn T be ^ asi f er 5? sustained therapeutic action using systemic bispecific anti- 

AJ3 antibodies debvered into the brain via transcytosis. 



, nnr ^ P^P^^ of the Anti-A6 Antibodies and Bispecfic Reagents; Several questions arose 
attemSo H 6 ^ ° f OUr ^^^Y-based therapeutic agents. We £ave 

fifst twn h demonstrate in the Preliminary Studies Section that anti-A0 antibodies obtained in our 
S.« ^ h y bndoma fuslons are not onl y ^active with AJ3 but also show catalytic and/or 
dissaggregative activity in vitro. Obtaining the most highly efficient, functionally active a^ti-A^ 

Z »e£™J °T nUing Tf^ Pr ° jeCt ^ g0al ^ be met as additiona ' hybridoma Ts iofs 
are performed and more antibodies are screened using increasingly refined assays as noted in (a). 

nl.nv lt correc 1 tty P oillted out 0131 fee A6 substrate within an Alzheimer's disease cerebral 
ESS Z ^ C °T leX 111311 * C ^ a ^ re g ates ™* ^ our in vitro antibody studies. There is some 
ndirect evidence however, that anti-AJ5 antibodies can react with the A6 of intact pfaques 
rn.munohistolog.cal staining of brain sections). Irrespective of that possibility, such direcrmleicuon 
^ ma * , not bC ne T Sary SinCC 125l " A6 st " dies on human br^ScSS 

n tke l^u/.hT M ™7^*> ,ubIe A * exists in equilibrium with plaque-associated A*. Thus IS 

A^ freet^utn & * ^ depleted aS 0ur antibodies se <* uester " 

anv „ ^ cross-linking chemistry needed to produce bispecific antibodies was designed to minimize 
Sorwh^ °,H generating antig6nlC Cpit0peS - ^ antibodies were sparingly Lbstitute^w^ 

(c) Reversibly of Neuronal Damage Caused bv AR Plan>,^- - • 

indicates a strong connection between Afi^ t^T ' Co ™ncing genetic evidence 
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chronically suppress A3 levels in the central nervous system seems to us to be a rational attempj: 
toward preventing or reducing neurological loss. 

We ^reeJhaUmpedmgjhe fonnation of nascent plaques in youn g transgenic mice should be 
more successjuT^ However, the model 

system wffi-aHb^Tusto examine both of these important questions. Hopefully? the neuronal damage 
is not permanent and can be reversed upon dissolution of cerebral plaques. 

In the event that neuronal loss persists when A3 plaque formation is prevented then the 
results would indicate that A3 may not be a primary cause of the disease or its damage is irreversible 
In either case, the outcome of our studies should help to determine if there is a direct causal 
relationship between A3, the plaques it generates and Alzheimer's disease. 

The idea that A3 may down-regulate its own production via a feedback mechanism is an 
interesting possibilty. As pointed out, if this is the case then using our antibodies to remove A3 
would trigger a compensatory output of new AC! Thus the antibodies might, in effect, do nothing and 
that would thwart our efforts to treat the disease. Unfortunately, too little is known about the 
regulation of A3 production to predict if such a feedback mechanism actually exists. 

Currently, the main factors influencing A3 generation appear to be a-secretase, p-secretase 
and y-secretase along with presenilis 1 which has been shown to be a regulatory cofactor that 
somehow facilitates y-secretase activity. A3 is produced from the membrane-bound amyloid precursor 
protein by p-secretase and y-secretase cleavage while a-secretase cleavage precludes A3 formation A3 
might down-regulate by inhibiting p or y either allosterically or via product inhibition, but this type of 
control is unlikely to occur with proteolytic enzymes. More complex scenarios with AJ5 binding to a 
receptor and then regulating presemlin subcellular internalization pathways are also possible but 
highly speculative. Ultimately, only further, in-depth experiments will determine if our specifically 
designed anti-A3 antibodies can effectively deplete cerebral deposits of A3. 

(d) Additional Expertise; The advantages of obtaining expert advice and help from 
experienced neuroscientists is duly recognized. When we first embarked on this project, guidance and 
encouragement was obtained from an accomplished neurologist. Dr. L. Recht. who is a long-time 
Inend and collaborator on our early work using immunotoxins to treat brain tumors. 

+ k v.^ e establishment of a Tg2576 transgenic mouse colony here at BBRI was possible only 
though the generous cooperation of Dr. Karen Hsiao. In addition to providing breeder mice she has 
offered to help solve any problems that may arise regarding these animals (see letter in appendix) In a 
recent report she has described using a symmetrical Y-maze instead of the Morris water maze for 
evaluating the behavioral performance of the transgenic mice. We have therefore contacted her to 
And out if the Y-maze data would be easier for our laboratory to collect and if the results are more 
straightforward to interpret. If it appears that we are unable to perform these experiments with the 
help of Dr. Hsiao, we will then actively seek a behavorial collaborator for this aspect of the project. 

In order to facilitate the recommended anti-AJ5 infusion studies we will procure the skilled 
services of surgical technicians at Taconic. We have and will continue to consult with Dr. Michael 
Young regarding these newly proposed infusion experiments. He performs brain cannulation 
procedures for his own research here at our in-house BBR1/SERI animal facility. 

*Hrf ™T h f VeadCeSS t0 ^ h ^^^^ 

^aiS^WPy services. This unit is staffed not only by expert technical people but is 
overseen by Dr. James Zieske and several principal investigators who are skilled m the latest 
It? n q T UtatiVe miCrosc °P ic techniques. We have direct access to their help and 
guidance as well as the equipment needed.for the analysis of cerebral plaques in the transgenic mice. 

Append^ ^stp'rauon^ 111 ^ * ™"«** ab0Ve * * *e 



in mice l.™^^^ " WaS Very eXCiUn ^ to actu ^ dualize the cerebral A3 plaques 

in mice from our transgenic mouse colony (Preliminary Studies Section C.3a and Fig. igf Breeder 
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animals were provided by Dr. Karen Hsiao and we currently have a large number of both young and 
old (plaque bearing) transgene positive mice which are available for use in the proposed research on 
intracerebral anu-AJ5 antibodies. 

As described in the Preliminary Studies Section, we began to examine the anti-Aj3 transition 
state monoclonal antibodies from our first fusions for catalytic activity. An initial screen for catalytic 
antibodies in culture medium was performed using a solid phase assay which used a 125 I-A0 
peptide coupled to a thiol-reactive, iodoacetyl-Sepharose gel. Several clones released soluble 
I-products at a greater rate than other antibodies or the controls. The problem with this assay 
however is that it did not allow us to determine the identity of the cleaved 125 I-peptides or whether 
the release was truly due to antibody-mediated catalysis. 

To obtain more definitive evidence for antibody-mediated cleavage of AJ5, we devised a thin 
layer chromatography-based autoradiography assay (Preliminary Studies Section C.lh and Fig. 12) 
We also expanded selected anti-AjS transition state clones, induced ascites production and isolated 
two different monoclonal antibodies using protein A-Sepharose. Peptide cleavage was tested on a A0 
17-mer and the full-length 125 I-AJ3 peptide. Encouraging results were obtained but more experiments 
must be carried out in this system before we can conclusively state that the antibodies are 
catalytically hydrolyzing the AJ3 peptide at the right site. 

While the preliminary fusions have yielded some very interesting and potentially catalytic 
antibodies, additional hybridomas will be produced to optimize our chances for obtaining the best 
possible antibody-based reagents. ' 

(f) Potential Clinical Relevance; We agree that it is much too early to predict the clinical utility 
of our immunological approach, especially given that Alzheimer's disease has a very complicated 
natural history and pathogenesis. There are. of cause, many general aspects about using 
a icrapeutic. antibodies that are ideally suited to treating human disease. We selected antibodies to 
target AJ5 because they are compatible, highly specific molecules that are designed by nature to 
recognize and seek-out pathogens in the body. Currently, a humanized anti-receptor monoclonal 
antibody, Herceptin, is giving positive signs in the treatment of breast cancer. The ability of this 
passively administered antibody to produce a beneficial response in the face of all of the potential 
physiological hurdles posed by the disease is very promising. Hopefully the fundamental research 
that we have proposed to perform in an animal model will, in the long run. establish a sound 
scientific basis for plausibly considering an immunotherapeutic approach to the safe treatment of 
Alzheimer's disease. 



B000491 



Raso, Victor A 



A. SPECIFIC AIMS 

Presently, there are few encouraging therapeutic prospects for the prevention or treatment of 
Alzheimer's disease. However, the reversable deposit of soluble J5-amyloid peptide (AJ5) onto plaques 
in unfixed brain sections and the disintegration of AS aggregates by monoclonal antibodies suggest 
that an immunotherapeutic approach to the disease should be feasible. The ultimate objective of 
this project is to test four central hypotheses which would lay the scientific groundwork for such a 
therapy. These are: 1) that J3-amyloid plaques in the brain are in equilibrium with soluble AJ3 
peptide; 2) that anti-Afi antibodies can be carried through the blood-brain barrier and into the 
central nervous system by coupling them to specific vector antibodies; 3) that soluble A0 will be 
sequestered or depleted by appropriate anti-AB antibodies in the brain; and 4) that decreasing 
soluble AJ5 levels in the central nervous system will either reduce the number or size of 
preestablished JJ-amyloid plaques and/or prevent the de novo formation of incipient plaques. 

The advantages inherent in the immunotherapy of disease are well established. No harmful 
drugs or foreign proteins are required for treatment. Immunotherapy is highly specific and can be 
easily sustained for as long as needed, important features for combating Alzheimer's disease. An 
ability to experimentally modulate plaque formation in the brain would allow us to unequivocally 
test the causal relationship between these lesions and memory impairment in affected animals. Our 
rational assembly of reagents, techniques and model system currently puts us in a unique position 
to establish the scientific basis for this novel and potentially high impact approach to treating 
Alzheimer's disease. 

The three major research aims are to: 



Elicit Monoclonal Antibodies with Native AJ3 and Transition State AJi Antigens 

Immunize mice with several different native AJ3 and transition state AJ5 antigens 
and establish antibody-producing hybridoma clones. 

Screen and isolate antibodies that dissaggregate Aj8 or show catalytic activity or 
have a high binding affinity for the AJ3 peptide. 

Test the effects of direct infusion of these antibodies into, the central nervous 
system of AS plaque-bearing transgenic "Alzheimer's mice." 



Produce Vectorized Anti-AJJ/Anti-Receptor Bispec ific Anti bodies 

Coyal ently-link s el ected afltTA f ^ufr^^ to 
producTDmlncrlonaiheterodm^ 

Prepare small bispecific F(ab') 2 heterodimers for vector-mediated transport into the 
brain without the danger of complement fixation. 

Characterize these bifunctional reagents with respect to their dual specificity and 
their ability to enter the brain. 



A.3 

a. 



Test Anti-Af* Bispecific Antibodies for Disrupting Plaque Development in Mice 

Determine if the vectorized bispecific anti-AB antibodies cross the blood/brain 
barrier and bind to amyloid plaques found in the brain of "Alzheimer's mice." 

Treat young "Alzheimer's mice" with vectorized bispecific anti-A3 antibodies and 
examine the animals for effects on subsequent amyloid plaque development and for 
the prevention of behavioral deficits. 

Treat old. plaque-bearing "Alzheimer's mice" with vectorized bispecific anti-AJ3 
antibodies and examine the animals for a reduction in the number or size of U I 
preestablished amyloid plaques and reversal of their memory impairment ^ ^ 
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B.l The Importance of the fl-Amyloid Peptide: Alzheimer's disease is a progressive and 
ultimately fatal form of dementia that affects a substantial portion of the elderly population. 
Definitive diagnosis at autopsy relies on the presence of neuropathological brain lesions marked by a 
high density of senile plaques. These extracellular deposits are found in the neo-cortex, hippocampus 
and amygdala as well as in the walls of the meningeal and cerebral blood vessels. The principal 
component of these plaques is a 39-43 residue ^-amyloid peptide (AJ5). Each plaque contains - 20 
fmole (80 picograms) of this 4 kDa peptide (1). Apolipoprotein E and neurofibrillary tangles formed by 
the microtubule-associated tau protein are also often associated with Alzheimer's disease. 

AB is proteolytically cleaved from an integral membrane protein called the J5-amyloid precursor 
protein. The gene which codes for this protein in humans is found on chromosome 21 (2, 3). 
Numerous cultured cells and tissues (eg. brain, heart, spleen, kidney and muscle) express thisJ5- 
amyloid precursor protein (4) and also secrete the 4 kDa AB fragment into culture media, apparently 
as part of a normal processing pathway (5). 

While it is difficult to establish an absolute causal relationship between AJ3 or the plaques it 
forms and Alzheimer's disease, there is ample evidence to support the pathogenic role of A6- For 
example, patients with Down's syndrome have an extra copy of the ^-amyloid precursor protein gene 
due to trisomy of chromosome 21 (2, 3). They correspondingly develop an early-onset Alzheimer's 
disease neuropathology at 30-40 years of age. Moreover, early-onset familial Alzheimer's disease can 
result from mutations in the J5-amyloid precursor protein gene which fall within or adjacent to the 
AJ5 sequence (6). These observations are consistent with the notion that deposition of AJ5 as plaques 
in the brain might be accelerated by an elevation in its extracellular concentration (7). Of course this 
mechanism does not exclude other factors from contributing to or causing an increased rate of 
plaque formation. The finding that AB is directly neurotoxic both in vitro (8) and in vivo (9). opens the 
possibility that soluble aggregated A£>. not the plaques per se. may produce the pathology. 

Observations have indicated that amyloid plaque formation may proceed by a crystallization 
type mechanism (10. 1 1). According to this model, the seed that initiates plaque nucleation is an A3 
which is 42 or 43 amino acids long IA&1-43). The rate-determining nucleus formed by Afii-43 or Afli 
42 allows peptides AB1-40 or shorter to contribute to the rapid growth of an amyloid deposit This 
nucleation phenomenon was demonstrated in vitro by the ability of ABi-42 to cause the 
instantaneous aggregation of a kinetically stable, supersaturated solution of AjSi-40. That finding 
has led to the possibility that A&1-40 might be relatively harmless in the absence of the nucleation 
peptides AJ5 1 _ 42 or A3 1-43- Indeed, elevated levels of the long peptides were found in the blood of 
patients with familial Alzheimer's disease (7). Moreover. AJ5i-42 or AB1-43 was the overwhelmingly 
predominant form deposited in the brain plaques of many Alzheimer's disease patients (12). 

One might expect that A/5 plaque formation in the brain is an irreversible process with little 
chance for therapeutic intervention. However, important experiments suggest that a dynamic 
equilibrium may exist between soluble AB and fibrillar AB deposited as plaques in the brain 
Exogenous, soluble ^I-ABj^q was shown by autoradiography to specifically deposit into the 
plaques of unfixed brain tissue sections obtained, from postmortem Alzheimer's disease patients (13) 
Normal brain had no binding sites and the association of ^l-Afi^o with tissue from Alzheimer's 
disease patients was displaced by unlabeled. A3. Moreover, once incorporated into the plaque this 
I-AJ5i-40 slowly dissociated with a half-time of ~ lh. The fact that ^Sj.^ peptide bound 
specifically, reversibly and with high affinity to brain plaques suggests that a steady-state equilibrium 
exists between A6 in plaques and A6 free in solution (13-15). 

Similar conclusions can be drawn from experiments performed using an entirely different 
approach. Harsh detergents or strong acids are required to dissolve amyloid plaques and artificial AB 
aggregates formed in vitro. However, it has recently been demonstrated that mild treatment with 
certain anti-Afi monoclonal antibodies can effectively dissolve preformed AB aggregates (16) Since 
a^re^es ^ ) ^^.^.^ aggregation of the peptide (17). the resuhS indicate that e f 
aggregates (AB n ) exist in equihbnum with a very small amount of monomer (nAJ3). 

Aftn(agg.) <-> nAO 
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When an appropriate antibody (Ab) is added to this system it apparently binds the monomer and 
dissolves the aggregate by pulling the reaction to the right. 

A»n(agg.) -> nA» + Ab -» nAftiAb 

These findings are important because they support the idea that plaques exist in an equilibrium 
state with soluble monomer. They also provide hope for using antibodies or their small fragments as 
a gentle means for eradicating plaques in Alzheimer's patients. 



B.2 Reduction of ^-Amyloid Peptide Pools in the Brain: The preceding observations speak 
to the central hypothesis of this proposal, namely that the onset of plaque formation, plaque size or 
the number of plaques should be influenced by reducing levels of free AJ5 in the brain. This will be 
accomplished by using anti-AJS antibodies selected to either tightly bind A3, or solublize the 
aggregated A3 present in plaques, or to inactivate the peptide by catalytic cleavage (18-21). Thus, the 
antibodies will act as an A3 sink which prevents the deposit of new soluble AJ5 onto existing plaques 
and/ or dissolves preestablished plaques in the brain by pulling the equilibrium towards soluble A3. 

It is well established, however, that induced endogenous antibodies or antibodies 
administered passively into the peripheral circulation do not normally cross the blood-brain barrier. 
Blood-borne anti-A6 antibodies therefore, cannot reach A3 plaques or soluble A3 in the central 
nervous system. Fortunately, a universal method for the rapid, vector-mediated delivery of 
macromolecules across the blood-brain barrier has been devised (22-25). This novel system can be 
adapted to carry anti-A£ antibodies over the blood-brain barrier so that they are in immediate 
contact with the A3 plaques and soluble A3 pool in the brain (Fig. 1). 

Blood-Brain 
Barrier 



BLOOD 



anti-A6 




BRAIN 



Plaque 



i Transcytosis Across the 
Brain Capillary Endothelial 



Dissolve Plaques by Depletion 
of Soluble AJS Level in Brain 



Fig. 1 Vector-Mediated Delivery of Anti-Afi into the Brain 

A vector moiety must be chemically or genetically attached to the anti-Aj3 antibody to 
G^ate^fe!^ vector component could be. for example 
ar(aQHTOsIen1n receptor^jgTinsuiin receptopknUbody that binds to jhose receptors on the 
^bram capillary endothelial c^lTs-^^fTgm^naJte u ^ 



_^capil lary en dothelial. celirT2 2 - ^ wRIcTT make up the blood-braiiTbairier. The resulting 
b^nctearaHSB5d7(26-30) will attach to appropriate receptors on thUuminal side of the vessel 
I ? g ■ QPce-fegajd to the receptor, both components of th e bis pecific antibody can pass acr oss the~ 
-^gpd^rainjarrier by the proce^fJranscytc^,Anti-AJ3 intibodies which have entered the~b7aln~ 
wiH interact directly with both AJ5 plaques and the soluble A3 pool. It has been estimated that 

vX hThh , maCr0m0l l CUleS ln 10 - 8 - 10 - 7M ™ge can be achieved in the brain using 
vector-mediated dehvery via these brain capillary enriched protein target sites (22.29). Importantly 

a^HhS h aPP T" S 3111111315 dOSCd daily f ° r «"> weeks Wtt%n anti-trans mta fnSSr 

anubody showed no loss of integrity of the blood-brain barrier using a radioactive sucrose prote 01) 
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Depending on their design, anti-AS bispeeific antibodies situated in the brain can function in 
three different ways to reduce soluble Afi and AJ3 deposits. An anti-AB bispeeific antibody that tightly 
binds soluble A3 will not only sequester the peptide but, due to efflux of vectorized molecules from 
the central nervous system (32), potentially can cany the bound A3 out of the brain and release it 
into the blood stream. This clearance mechanism would lead to a continuous cycling of AJ5 out of the 
brain (Fig. 2, path 1). The use of site-directed anti-Afi antibodies which can directly dissolve A3 
aggregates (16) adds a new dimension to our strategy. Antibody-mediated dissaggregation of fibrilar 
Afi rendered it nontoxic in vitro. Importantly, a low ratio of antibody to A3 (1:10) was effective for this 
conversion (16) so that a similar effect could be achieved on the A3 plaques in the brain (Fig. 2, path 
2). Another attractive possibility that we will explore makes use of catalytic anti-AJ3 antibodies (18- 
21) designed to cleave A3 into harmless fragments. The advantage of delivering an AP-specific 
catalytic antibody into the brain is two-fold. The A3 peptide would be permanently destroyed by such 
antibodies and, since catalysis is continuous, each antibody will inactivate many target AJ5 
molecules in the brain (Fig. 2, path 3). Thus much less vectorized bispeeific antibody would have to 
be delivered into the central nervous system to achieve the desired depletion of A3. 




Fig. 2 Three Modes of Ami- A3 -Mediated Depletion of A3 from the Brain 

To be effective the anti-Afi sites of the bispeeific antibody must be empty before passage out of 
the blood and into the brain (Fig. 1). Therefore the concentrations of bispeeific antibody that are 
sustainable in animals must exceed the level of A3 circulating in the blood. In both controls and 
patients with sporadic Alzheimer's disease, plasma concentrations of AS1-40 and A61-43 were 200 
pM and 30 pM, respectively while patients with familial Alzheimer's disease had only 2-3-fold higher 
levels, 600 pM and 60 pM. respectively (7). The medium-range plasma level of bispeeific antibody 
expected in a treated animal is -150 jig/ml or 1,000,000 pM. Since this greatly surpasses plasma AJ5, 
99.9% of the bispeeific antibodies that enter the brain will have unoccupied anti-Afi combining sites. 
Moreover, the use of catalytic anti-AJ3 antibodies that continuously destroy AS. would provide a 
highly efficient and permanent means of depleting these peptides in both the blood and the brain 



B.3 Application of Catalytic Antibodies to Alzheimer's Disease: 

Raso and Stollar published ft — x r 1 ■ - 
catalytic activity (18- 

^?^P-?5^ ~™-~««** & ^iluo uiai wumu iiimuis uie cuosen; enz^iine^a^mvje- 

^■A-fivrfoIdrate enhancement was achieved for the tyrosine transamination reaction occurring! 
these antibody sites versus free in solution. This modest acceleration is actually quite significant, 
considering that this result was obtained well before development of hybridoma technology so only 
heterogeneous populations of affinity-purified rabbit serum antibodies could be used 
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With the emergence of monoclonal antibody techniques, the field of catalytic antibodies has 
exploded, largely due to recent efforts from the laboratories of Lemer. Benkovic and Schultz (21). 
Homogeneous catalytic anybodies can now be selected, purified and studied in the absence of any 
competing non-catalytic species. Numerous catalytic antibodies, accelerating a large array of diverse 
chemical reactions, have been produced within the last several years (21, 33-38). In light of the rapid 
progress since our early pioneering work, it is apparent that the time is now ripe to apply this unique 
technology to the pressing health problems confronting medical scientists. 

With this end in mind, we have begun to design antibodies that will specifically cleave AJB 
which forms the amyloid plaques in the brain of Alzheimer's patients. Studies have indicated that 
the deposit of A3 1 -43 in senile plaques (12) is central to Alzheimer's disease pathogenesis and 
shortened versions of the ^-amyloid peptide may be less of a problem in the absense of AJ3r- 43 (10, 
1 1). Given the importance of AJ$]. 43 to plaque formation, any premature, illegitimate or preemptive 
cleavage of this peptide by a catalytic antibody should yield an amyloidogenically inactive and less 
harmful form of AJ5. Each antibody would permanently inactivate many target molecules rather than 
just acting stoichiometrically. Thus the progression of Alzheimer's disease would be impeded by 
attenuating or abolishing the plaque forming capability of AJ5 in the brain. Transition state antigens 
and monoclonal antibodies produced in this project could be useful in combating Alzheimer's disease 
by providing a means to specifically destroy A&1-43. 

An advantage to choosing A6 as a target for developing catalytic antibodies is that carrier- 
bound, small A3 peptides readily elicit specific monoclonal antibodies (39-43). Antibody binding to 
A3 can occur when A3 is incorporated into senile plaques. A large array of AJ3 peptide antigens has 
been used to generate antibodies (39-43). Importantly, antibodies which can distinguish A0i- 42 and 
A3 1-43 from AC 1-40 have been raised using the carboxy-terminal sequence (39). 

B.4 Transgenic Mouse Model of Alzheimer's Disease: The effect of catalytic or conventional 
antibodies on A3 equilibria will be studied in a transgenic mouse model of Alzheimer's disease (44). 
This strain carries a gene for the human amyloid precursor protein containing the Swedish family 
early-onset Alzheimer's disease double mutation Lys 6 70 ->Ash and Met 6 7i -» Leu. Inserted into a 
hamster prion protein cosmid vector, this transgene produced the highest levels of human amyloid 
precursor protein in brain and spinal cord but other tissues including muscle, skin, lung and heart 
also expressed the gene product (45). A^a^jp™™*^ 

deficits 144), thus closely mimicking t he manifestations of Alzheimer's disease in humans. 

B.5 Summary: The proposed study will focus on only one aspect of Alzheimer's disease which 
has a very complicated natural history and pathogenesis. This novel immunological approach 
however, is predicated on the likelihood that altering the A0 levels in the brain will ameliorate the 
course of Alzheimer's disease, at least temporarily. This research will identify and characterize peptide 
antigens that elicit anti-AJ3 antibodies which selectively cleave, or tightly bind the A3 peptide and/or 
dissolve its aggregates. Those antibodies will be linked to an anti-receptor antibody which will serve 
as a vector for delivery across the blood-brain barrier and into the brain. The anti-AJ5 bispecific 
antibodies are designed to displace A3 equilibria by permanently inactivating AjB, or by specifically 
sequestering the peptide to directly disaggregate plaques and/or redistribute soluble brain AJB to the 
peripheral circulation. Our hypothesis suggests that the specific anti-AB antibodies will act as a sink 
which, by lowering the level of soluble A3 in the brain, should reduce or prevent plaque formation. 

We will test these anti-Afi bispecific antibodies for perturbing A3 equilibria in a transgenic 
mouse model of Alzheimer's disease. This model system will also allow us to evaluate the functional 
consequences of depressed A3 levels in the brain on the course of the disease. Reversing or 
preventing the symptoms of disease in these mice with anti-AJS bispecific antibodies would help to 
establish a causal relationship between A3, the plaques it forms and Alzheimer's disease. This is one 
of the gaps m knowledge that the proposed research is designed to fill. We will proceed to refine the 
b 1S pec,fic antibodies to achieve a longer term objective, the production of clinically useM 
immunoreagents for the prolonged and safe treatment or prevention of Alzheimer's disease 
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C 1 Elicit Monoclonal Antibodies with Native AR and Transition State A# Antigens 



a. Synthesis of ^-amyloid peptide antigens: The amino acid sequence of the 43 residue 
J3-amyloid peptide (AJ3) is shown in Fig. 3. Predicting precisely which site on the AJ5 peptide will be 
ultimately best suited for antibody-mediated therapy is difficult. Therefore 3 key epitopes on the 

H2N-DAEFRHDSGYEVHH9KLVFFAEDyGSNKGAIIGLMVGGWIAT-C0 2 H 
1 10 20 30 40 

Fig. 3 

AJ5 43-mer were chosen as targets for the catalytic and conventional antibodies. The resulting panel 
of monoclonal antibodies will be screened in vitro to identify desirable properties such as high affinity 
*?, ^ g> ? ataIytic activity and/or abilit y to" dissociate A0 aggregates-: Select anti-AJ3 antibodies 
will then be vectorized by coupling to an anti-transferrin receptor antibody (anti-TfR) and studied in 
the Tg mouse model to determine empirically which of these unique immuno-reagents are both 
therapeutically effective and pharmacologically safe. 

Peptide antigens for dieting an immune response directed against the amino-terminus the 
central region and the carboxy-terminus of AG were produced (Fig. 4). A Cys residue was added and 
the peptides were synthesized using standard automated Fmoc chemistry. The peptides were purified 
by HPLC and their composition was verified by mass spectral and amino acid analysis The Cvs 
substitution was designed to provide a sulfhydryl linkage group for coupling the peptides to 
antigenic, maleimide-activated carrier proteins such as Keyhole Limpet Hemocyanin (KLH). 

H2N-Asp-Aia-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Cys-amide 
1 5 10 , 15 



Cys-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-amide 
10 15 20 25 



Cys-Met-Val-Gly-Qly-Val-Val-Ile-Ala-Thr-C0 2 H 
Fig. 4 35 40 

b. Phosphonamidate and phosphonate based transition state peptides- a 

^SeZT^Tsi^^ St3te enC ° mpaSSin S 0,6 carboxy-terminal region of A3 has been 

N-acetyl-Cys-Met-Val-Gly-Gly-CO-NH-Val-VaJ-Ue-Ala-amide 
35 40 

Fig. 5 N - ac etyl-Cys-Met-Val-Gly-Gly-P02--NH-Va]-Va]-Ile-Ala-amide 

phospho^^^ Val 39 U) with a 

Ceave A£> at this sit. The N^S^S^ 
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a suitable linkage group for coupling this peptide to an antigenic carrier protein. The structures 
shown in Fig. 6 represent the putative transition state for peptide hydrolysis by zinc peptidases 
and the phosphonate and phosphonamidate mimics. Similar tetrahedral transition state 



HCR HNCHR HCR OCHR HCR HNCHR 

\* H \ / \ / 

Zn Zn +2 Zn* J 

Fid- 6 Transition-state Phosphonate Phosphonamidaie 

intermediates are formed in each of the four classes of proteolytic enzymes, the serine-, cysteine- 
aspartic- and metallo-peptidases. 

The design strategy and methods for synthesizing phosphonamidate based transition state 
peptides are straightforward (46. 47). The N-terminal portion of the peptide (N-acetyl-Cys-Met-Val-Gly) 
was made using standard automated Fmoc chemistry. Its amino terminus was capped with acetic 
anhydride while it was still attached to the resin. After cleavage from the resin the N-acetyl 
tetrapeptide was treated with pyridine disulfide to protect its sulfhydryl group. An acid chloride of 
Cbz-glycine phosphonate monomethyl ester (46. 47) was coupled with Val-Val-Ile-Ala-amide which 
was synthesized by automated Fmoc chemistry. The last amino acid of AJ3. Thr. was omitted because 
of potential problems with its unprotected hydroxyl group. The product. Cbz-Gly-P02--NH-Val-Val- 
Ile-Ala-amide has a phosphonamidate (methyl ester) bond between the Gly and Val residues. Next 
the Cbz blocking group was removed using hydrogen so that the protected N-acetyl-Cys-Met-Val-Gly 
peptide could be added to the amino terminal end of this transition state peptide by HBTU-activated 
peptide linkage. Treatment with mercaptoethanol and rabbit liver esterase was used to deblock the 
peptide. Each key component listed in the synthetic scheme was tested for purity by HPLC and its 
composition was verified by mass spectral and amino acid analysis. This new AS analog N-acetvl- 
C y s-Met-Val-Gly-Gly-P0 2 --NH-Val-Val-Ile-Al a -amide (Fig. 5) is designed to elicit catalytic antibodies 
that will specifically cleave AS at the Gly- Val bond. 

The synthesis of phosphonate AJ3 transition state peptides (eg. N-acetyl-Cys-Met-Val-Gly-Gly- 
P0 2 -O-Val-Val-Ile-Ala-amide) will follow a similar scheme and will use some of the same 
intermediates described for the phosphonamidate transition state analog 





T 

Fig. 7 Gly-Gl^CO-NH-Val-Val Gl y -Gly-P0 2 --NH-Val- Val 

_ . K A stru ctural comparison was made between the native AJ5 peptide and the transition state 
phosphonam,date A8 peptide (Fig. 7) usjng^^rar ^workst ation The peptide hnT"co NH m 
between Gly 38 and Val 39 was replaced with a phospholT amidate bond -POo" NH S n H a ^ 
minimization was applied. The orientation Z^^^^J^^ ££££ 
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between the planar peptide link -CO-NH- (f ) of native A3 on the left versus the corresponding 
tetrahedral phosphonamidate bond -PO2-NH- (f) in the transition state peptide on the right. 

An antibody combining site complementary to the tetrahedral transition state analog on the 
right of Fig. 7, will force the normally planar bond of the A3 substrate peptide on the left into a 
transition state-like conformation. Such bond distortion can catalyze the hydrolytic cleavage of the 
A3 peptide at the Gly38-VaJ39 linkage. 

c. Statine based transition state peptides: A series of statine (Sta) transition state 

analogs encompassing the carboxy-terminal region of AJ5 (Cys-Met-Val-Gly-Gly-Val/Sta-Val/Sta- 
Ile/Sta-Ala-Thr) has been synthesized in this laboratory (Fig. 8). 

Met-Val-Gly-Gly-Val-Val-Ile-Ala-thr-C0 2 H 
Fig. 8 35 40 

Replacement of the proposed scissile peptide linkage between Val 39 and Val 40 (J), Val4 0 and 
Ile 4 i (J) and Ile 4 i and Ala4 2 (J) with a "statyl" moiety (-CHOH-CH 2 -CO-NH-) is designed to elicit 
catalytic antibodies that will hydrolytically cleave A3 at one of these sites. A Cys residue was placed 
at the position of Leu 34 (Fig. 3) to provide a suitable linkage group for coupling this peptide to a 
maleimide-activated carrier protein. 

The statine transition state peptides were entirely synthesized using standard automated 
rmoc chemisty. This was feasible due to the availability of Fmoc-statine (Sta), |N-Fmoc-(3S,4S)-4- 
amino-3-hydroxy-6-methyl heptanoic acid) from a commercial source. Each peptide was tested for 
purity by HPLC and its composition was verified by mass spectral and amino acid analysis. 

+ *. f • P he °y lalanine statine based transition state peptides: A series of phenylalanine 
statine (PhSta) transition state analogs encompassing the central region of A3 (Cys-Tyr-Glu-Val-His- 

His-Gln-Lys-Leu-Val-Phe/PhSta-Phe/PhSta-Ala-Glu-Asp-Val-Gly-amide) was synthesized in this 
laboratory (Fig. 9). 

Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-amide 
10 15 20 25 

Fig. 9 

Replacement of the proposed scissile peptide linkage between Phe 19 and Phe 20 U) and Phe™ 
and Ala 21 (|) with a statyl moiety (-CHOH-CH 2 -CO-NH-) (Fig. 9) is designed to elicit catalS 
antibodies that will hydrolytically cleave A3 at these sites (Fig. 9). A Cys residue was placed at the 
position of Gly 9 (Fig. 3) to provide a sulfhydry] linkage group for coupling the peptide to antigenic 
maleimide-activated carrier proteins such as KLH. 

g 1 ™^* 11 ™ sl *" ne transition state peptides were entirely synthesized using standard 

Stine" fphsTaT InT^^JT dUC t0 *** ^ availab ^ ° f ^-"phenylalanine 

statine (PhSta). [N-Fmoc-(3S.4S)-4-amino-3-h y droxy-5-phenylpentanoic acid) from a commercial 

r d r ^tfd e s s tested for purity by HPLC Md its c — on was verified ^ mass ^ 

,t*t. ^ ^"n 0 ^ C °, mbinm g s , ite is complementary to the elongated tetrahedral transition 
state analog will force the normally planar peptide bond of the A3 substrate into a transition s ate 
like conformation. Such distortion should catalyze the cleavage of A3 at the Phe 19 -Phe 2c Tbond 
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e. Immunization of mice: Standard protocols were used to immunize BALB/c mice 

with the KLH-linked AB peptides described in the preceding sections. Briefly this procedure used i.p. 
injection of the different antigens emulsified in complete Freunds adjuvant, followed by a second 
course in incomplete Freunds adjuvant. Three days prior to the hybridoma fusion, the mice were 
boosted i.v. with antigen in PBS. 



f. 1 I-Afi binding assay: It was very important to demonstrate that our anti-AJ5 and anti- 
transition state AJ5 monoclonal antibodies bind to the natural A£i- 43 peptide which they are 
designed to cleave. Therefore we radiolabeled A£]- 4 o and AB1-43 with ™1 and then separated the 
lodinated peptide from unlabeled material by HPLC to give essentially quantitative specific activity 
{-2000 Ci/mmol) (13). This probe was incubated for lh at 23°C with either purified anti-AJ5 
antibodies or media taken from hybridoma clones producing anti-A0 antibodies. A polyethylene 
glycol separation method was used to detect the amount of I25l-A0 1 . 43 bound to antibody (Table I). 

Table I 125 I-Afli-40 Binding to a Purified Monoclonal Anti-Afl Antibody * 



Addition 



125 I-Atfi-4() Boun( i 
- (cpm) 



Specifically Bound 
f% of total added) 



Control 



+ 5A1 1 anti-A0 



8,560 
64.589 



79 



* anti-A0 5A11 at 2xl0" 6 M; Added -70,000 cpm of 125 I-A0i- 4O 
The data in Table I demonstrate the ability of our purified 5A1 1 monoclonal anti-Aj3 antibody 
to bind a high percent of 125 I-A»i- 4 0. This binding assay will be valuable to screen clones and 
purified antibodies (Table I) for their ability to bind A6 and can also serve as the basis for a 
competitive displacement assay to measure the relative binding strength of different unlabeled Afi 
peptides. With very efficient catalytic antibodies this binding assay may have to be performed on ice 
to ensure that no cleavage of A£> occurs during the lh incubation time. The assay will allow us to 
quickly identify clones which produce high affinity anti-AS antibodies 



g. Hybridoma production I: We performed a hybridoma fusion using the spleen of a 

mouse immunized with the phenylalanine statine transition state AJ5-KLH antigen (Fig 9) 
Monoclonal antibodies from several of the hundreds of hybridoma supernatants produced were 
Th'^Tf USing ^ LIS ^ to assess binding to both the normal A»i-43 peptide and to the 

phenylalanine statine transition state AS peptide. T\vo major patterns were found (Fig 10) 



e 

c 
o 



2.50 - 



2.00 



1.50 



Q 
O 
O 

Q 
< 

LU 

DC 1.00 
< 

UJ 0.50 



0.00 -ta 



□ Binding to Phenylalanine Starine-AB Transition State 
■ Binding to AGl-43 



>* ™, — Z ft n 
x S < ^ % £ P 



«J LO n -c m ^ CT> ^ 



Monoclonal Antibody 



* ' h 



Fig. 10 ELISA Comparing Antibody Binding to Transition State Versus Native A3 ' 
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One group of antibodies (at the left of Fig. 10) bound to the immunizing transition state 
peptide and cross-reacted strongly with the native A61-43 peptide when each was adsorbed directly 
onto the ELISA plate. A second group (at the right) showed a high binding preference for the 
phenylalanine statine transition state AJ5 peptide and reacted minimally with native AJ3 1.43. 

Strong color reactions were obtained in this ELISA using only 10 nl of hybridoma 
supematent while Hy media alone or PBS gave a low background (Fig. 10). These results demonstrate 
that the comparative ELISA screen, although only a semi-quantitative measure of binding, will 
provide a means for choosing monoclonal antibodies that are highly selective for, and most reactive 
with, the transition state. Importantly, the antibodies bound to the carrier-free AJ5 peptides adsorbed 
directly onto microtitre plates, showing their anti-peptide specificity. 

These findings indicate that several of the new anti-AJ3 transition state antibodies are 
unique. They can bind to both the phenylalanine statine- and normal-A/3 peptides. Their selective 
recognition of the transition state and weaker cross-reaction with native AS 1-43 however implies 
that this binding interaction is very different from that shown by conventional anti-native AJ5 
antibodies. It suggests further that these new antibodies may be able to force the native AJ5 peptide 
into a conformation resembling the transition state for hydrolytic cleavage. Importantly, some of the 
antibodies which showed only minimal binding to AJ5i. 43 in this ELISA, did display cross-reactivity 
with the natural peptide using a highly sensitive 125 1-A6 1 . 43 binding assay (Table I) 



h. j ^ lid j <h Me a nd TLC A3 proteolytic assays: 

i-transition state antibody hybridoma supematants for spe^Rc^r^lW ut 

ivity. The Cys-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr-amide peptide encompassing 
ammo acids 14-25 , of AJ5 (Fig. 3) was synthesized with a Cys and Tyr added at either end. This was 
radiolabeled with 12 *I and the iodinated peptide was then separated from unlabeled material by HPLC 
to give essentially quantitative specific activity (-2000 Ci/mmol). The highly radioactive A3 peptide 
was coupled to a thiol-reactive. iodoacetyl-Sepharose gel to form an irreversible linkage Catalytic 
antibodies should promote the progressive release of soluble ^-peptide from the solid phase matrix 
The proposed assay was verified by the ability of several different proteases in to rapidly hydrolyze this 
Sepharose-linked A6 substrate. The peptide is readily accessible to proteolytic cleavage as revealed 

by the release of soluble ,25 I-peptide that increased 
with incubation time (data not shown). Selected 
antibodies were screened for catalytic activity using 
release of radioactivity from 125 l-AjS-Sepharose (Fig. 



Anti-AO Transition-stale Antibodies Plus '"l-AB-Sepharose 
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The results obtained at pH 7. 25°C indicate 
that the antibody-containing media of several clones 
released 125 I-peptide at a greater rate than other 
clones from this fusion or the PBS and Hy medium 
controls (Fig. 1 1). Large amounts of these antibodies 
will now be obtained, purified and tested a higher 
concentrations to achieve much faster rates of 
cleavage and to verify that the antibodies are acting 
in a catalytic mode using conventional enzyme 
kinetics. By changing the composition of the 
125 I-pepude we can. use this same strategy assay 
antibodies reactive with different regions of AG. 
We devised a thin layer chromatography-based autoradiography assay so that more definitive 
evidence for antibody-mediated cleavage of AJ3 could be obtained. We also expanded selected anti- 

£SS?t f I" 6 ^ ^ ansition state cI °"es, induced ascites production and isolated toe 

different monoclonal antibodies using protein A-Sepharose. The cleavage assay used ^I-AjS, Tn and 
a 17-mer. encompassing amino acids 9-25 (Fig 3). These two ^-labeled peptides bound to toe 
punned monoclonal antibodies 5A1 1 and 6E2 when examined using either a TO fSiS^ 
or by a co-electxophoresis method. To test for peptide cleavage we added the anubodfes to the 
^I-pepudes. allowed them to incubate and then spotted the reaction mix onto pol'm^e C 
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Fig. 11 Cleavage of 125 I-A£-Sepharose 
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sheets. The chromatographs were developed in different 
solvents (eg. 0.5N. HC1, 0.5N NaOH or pH7 phosphate 
buffer) and the migration of 125 I -products was followed by 
exposing the sheet using a quantitative phosphoimager 
system {Fig. 12). 

It is very encouraging to see that these antibodies 
break down the A6 peptides compared to the untreated 
peptides (PBS), Obviously, many more experiments must 
be performed and additional controls will have to be run 
before we can conclusively state that the antibodies are 
catalytical ly hydrolyzing the AJ3 peptide at the r ightsite. 
Various naturally occurring proteases will be tested in this 
system so that we can identify the cleavage site of the 
antibodies by comparison with the known specificity of 
the different enzymes. We will also sequence the cleaved 
A6 peptides. 



PBS 5A11 6E2 PBS 5A11 6E2 

'Fig. 12 (^^p^ 12 ^A3<leavage 

L Hybridoma production II: Another distinct hybridoma fusion was performed using 

the spleen of a mouse immunized with a KLH conjugate of the statine (Sta) transition state analogs 
encompassing the carboxy-terminal region of A3 (Fig. 8) (Cys-Met-VaJ-Gly-Gly-Val/Sta-Val/Sta- 
Ile/Sta-Ala-Thr). ELISA was used to demonstrate antibody binding to both the normal A6i 43 
peptide and to the statine transition state AJ3 peptide (Fig. 13). 

The antibodies bound to the C-terminal locus on these carrier-free A3 peptides adsorbed 
directly to the microtitre plate, confirming their anti-peptide specificity. Most of the antibodies 
preferentially recognized the statine A6 transition state but cross-reacted with native A&i 43 This 
suggests that these new antibodies may be able to force the native Afi peptide into a conformation 
resembling the transition state for hydrolytic cleavage of its C-terminal amino acids. Such cleavage 
would in effect convert AS1-43 into potentially less harmful shorter peptides, like AB1-40 or A0i- 39 . 

;Athe best^i^^ Several clones displayed no difference in their 

reactivity with the native versus statine transition state AJ3 peptide. We also tested the clones with 
ABi-40 to identify antibodies which do not react with this shortened, 40 amino acid version of A3 
(Fig. 13). Used therapeutically, such antibodies would preferentially bind/cleave the less abundant 
but more noxious A&1-43 species in the blood as opposed to the smaller and less detrimental 
AC 1-40. 
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j. Disaggregation of ^-Amyloid by Monoclonal Antibodies: The self-aggregation 

of synthetic AJ5 peptides leads to microscopic structures which resemble amyloid plaques in the brain 
(16. 17) and exhibit the same bright green fluorescence upon exposure to thioflavin T (Fig. 14). These 
aggregates are very stable and usually require harsh detergents or strong acids to dissolve. However, it 
has now been demonstrated that the binding of certain anti-A£ monoclonal antibodies can 
effectively inhibit the initial aggregation of this peptide and also disaggregate preformed AG complexes 
(16, 17). 



Phase Contrast Thioflavin Fluorescence 

Fig. 14 Photomicrographs of Self-Aggregated A3 Peptide 

We set up a radioactive assay as a quick way to screen the different monoclonal antibodies 
produced in this laboratory for an ability to dissolve preformed AG aggregates. After adding ™\-A& to 
unlabeled soluble peptide, aggregates were formed by bringing the solution to pH 5 or by stirring it 
overnight in PBS. An aliquot of the labeled aggregate was incubated for lhr with either PBS the 
5A11 anti-AG antibody or an equal amount of an irrelevant mouse antibody (7D3. anti-human 
Iransfernn receptor). After centrifugation, the level of radioactivity in the precipitate was measured 
(Table II). The fact that the AG-specific 5A11 antibody solubilized 80% of the AG aggregates while an 
equal amount of the control antibody had only a minor effect suggests that the equilibrium was 
displaced by antibody-mediated binding of soluble AG. 

Table n Solubilization of ^-AH^ Aggregate by Monoclonal Anti-AP Antibody 

...... 125 I Aiij.40 in Ppt. Amount Solubilized 

Ad<MflOP (cpm) f%ofPBSContrnn 



PBS control 3,420 
+ 5A11 anti-A6 6 76 
+ 7D3 anti-TfR 2.458 



80 
27 



C.2 Produce Vectorized Anti-AG/Anti-Receptor Bispecific Antibodies 

, *" Y CCt °" f° r tnuwcytosis across the blood-brain barrier: Anti-transferrin receptor 
* Tn tl h l ^iS3JS^ Prim ^ VCCt0rS ^ We ™ U de P lo y for d ^ry of *e anti-A'Lrlboa es 
t rec W$B seI ^^«lh.os|aMs?cortical capillaries in normal human brain tissue (48) W l5) 
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Antibody attachment to the receptor is not 
blocked by an excess of human transferrin. The epitope 
recognized by this antibody is therefore distant from the 
receptor-ligand binding site. Bispecific antibodies 
constructed with this 7D3 antibody and an anti-AB 
antibody would be potentially useful for therapy in 
patients with Alzheimer's disease and possibly for 
preclinical trials in primates. 

For studies in the transgenic mouse model of 
Alzheimer's disease we have obtained an anti-mouse 
transferrin receptor monoclonal antibody produced, in 
the rat. This antibody also appears to recognize a 
transferrin receptor epitope which does not involve 
ligand binding. The antibody therefore has no effect on 
cell proliferation when tested using murine lines. 




Fig. 15 Human Brain Capillaries Stained 
with the 7D3 Anti-TfR (48) 



b. Synthesis of bispecific antibodies: The anti-Afi antibodies have been chemically 

coupled to anti-human transferrin receptor and anti-mouse transferrin receptor antibodies by 
different methods (26, 30). We adopted a rapid thioether linkage technique to form strictly bispecific 
hybrids using Traut's reagent and the heterobifunctional SMBP reagent. One component was 
sparingly substituted with thiol groups (SH). These readily reacted to form a thioether linkage upon 
mixture with the maleimido-substituted (M) second component. 

Ab A -SH + Ab B -M -> Ab A -S-Ab B 

Gel filtration of the reaction mixture on an S-300 column yields the purified dimer which is 300kDa 
and has two sites for binding AJS plus two sites for attachment to transferrin receptors on brain 
capillary endothelial cells. F(ab') 2 fragments of the two different antibody types will be similarly 
thioether-linked to form Fc-devoid reagents that cannot bind complement which might otherwise 
cause neurotoxic effects. 

Non-targeted control hybrids have been formed by linking a nonspecific MOPC antibody to the 
anti-Afi antibody. This hybrid antibody will bind AJ3. but, being non-reactive with transferrin 
receptors, should not cross the blood-brain barrier. 

Smaller bispecific hybrids (lOOkDa) have been formed by reducing the intrinsic disulfides 
which link the heavy chains of F(ab') 2 fragments (49). The thiols generated were stabilized and 
Ellman's reagent (E) was used to activate these groups on one of the components (50). Exclusively 
bispecific F(ab') 2 hybrids were formed upon mixing the reduced Fab' with an activated Fab' having the 
alternate specificity. 

FabVSH + Fab'e-SS-E -> Fab A -SS-Fab B + E-SH 

^^^^^r^pn an S-200 column provided hybrids with one site for binding AJS and one site for 
x rfBMeH8fr with the target epitope on the brain capillary endothelial cells. 

A similar approach can be used to make even smaller disulfide-linked single chain Fv 
heterobispecific dimers. FV A -SS-Fv B (50kDa), to cross the blood-brain barrier. Soluble Fvs have been 
constructed to possess a carboxyl-terminal cysteine to facilitate the disulfide exchange shown below 
and create 50kDa heterodimers exclusively. 

Fv A -SH + Fv B -SS-E -» Fv A -SS-Fv B + E-SH 

In side by side comparisons between whole antibody and either Fab' or Fv based bispecific 
reagents the latter have proven to be moderately more effective on a molar basis for cell uptake via 
the transferrin receptor-mediated pathway. Since these smaller constructs are monovalent for the 
cell-surface epitope, those findings dispel the notion that cross-linking of two surface receptors is 
necessary for the cellular uptake of immunocomplexes receptors is 
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c. Characterization of bispecific antibodies: After the synthesis, purification 

and size analysis of the anti-A6/anti-transferrin receptor bispecific antibody was completed, a series 
. of functional assays were performed. Its ability to attach to transferrin receptor bearing human cells 
was confirmed by cytofluorimetiy using ah anti-mouse IgG probe (Fig. 16). The capacity of the hybrid 
reagent to bind 125 I-A£ compared favorably with that of the parent anti-AJ3 antibody (Table HI). 



+ 7D3/5A1 1 Hybrid 




Table m 125 I-A# Binding to Bispecific Antibody 

125 I-Af$i-40 Bound 
fcpm) 



Addition 

Control 
+ anti-A£ 

+ anti-AB/ariti-receptor 



4,199 
23,301 
22,850 



FLUORESCENCE 



Fig; 1 6 Attachment of Bispecific Antibody to Receptor-Positive Cells 

To ensure that both of these binding activities resided on the bispecific antibody we treated 
transferrin receptor positive cells with the hybrid reagent, washed away unbound material and then 
exposed these cells to 125 I-A3i- 4 o* The cells were washed and the amount of cell-bound radioactivity 
was compared to control cells which had been identically prepared except that pretreatment with 
bispecific antibody was omitted. 

Table IV Bispecific Antibody-Mediated Binding of 12S I-Afi to Receptor-Positive Cells 

125 I-Afii-4o Bound 
— fcpml 



Pretreatment of Cells 



None 

+ antj-AjJ/anti-transferrin receptor 



2,367 
I 1,476 



The res 
can sim 




(Table IV) verify thejdual specificity of this bispecific antibody by clearly shoeing that it 

itajieously.ajlad^ and bind 125 I-AJ3]-4 0 ._ ~~ 

The vectorized bispecific antibody prepared for use in the transgenic mouse model of 
Alzheimer's disease is composed of a rat monoclonal antibody directed against the mouse transferrin 
receptor plus the 5A11 mouse anti-A6 monoclonal antibody. Both components were detected on the 
cell membrane by cytofluorimetiy (Fig. 16) when this duplex was reacted with transferrin receptor 
positive mouse cells and probed using either a rat IgG-specific or mouse IgG-specific fluorescent 
secondary antibody reagent (data not shown). 



d. Transcytosis of bispecific antibody into the brain: We coupled a rat monoclonal 
apti-mouse transferrin receptor antibody to a mouse monoclonal antibody so that the entry of this 
i^STf ? bis Pff c c ™s<™t into brain could be monitored. The bispecific antibody was labeled 

^ ^ were sacrificed and tL 

enter^tlie brain was 



3 0 



B000505 



© 0.25- 



Bfatn Parenchyma 
Capillary PeHet 




10 1 ■ 

HOURS 




Raso, Victor A 



of time after 



ues were plotted as a funcobil 



l.V. 



rest 

injection (Fig. 17). The time-dependent 
redistribution of radiolabeled bispecific antibody 




i'e§e- 

in normal mice, will be repeated in plaque-bearing 
transgenic mice, when they reach 1-year of age. Greater 
accumulation in the parenchyma may result if the 
antibodies attach to A£> in the cerebral plaques. 



Fig. 1 7 Transcytosis of the Vectorized Bispecific Antibody into Brain 



e. Monitoring the brain distribution of bispecific antibody in live mice: An ability 
to, follow the entry and accumulation of vectorized bispecific antibodies in the brain of live mice 
would assist in developing the intracerebral treatment of plaque-bearing mice. Time-course studies 
could be easily carried out and problems with inter-mouse variability would be greatly reduced. We 
therefore have begun preliminary studies with 125 I-labeled bispecific antibodies, to determine if 
immunoscintigraphy is feasible in this system. As a first step, we administered either the radiolabeled 
vectorized bispecific antibody ( 125 I-R17/5A1 1) or a non -vectorized control bispecific antibody to 
separate mice. Sequential brain images were accumulated at 1,6, 24 and 48 hours following i.v. 
administration of the 125 l-Iabeled bispecific antibody probes. This technique suffers because it is 
difficult to determine how much of the signal is due to the levels of blood-borne radioactivity 
circulating through the brain. However distinctions were noted in the brain of mice treated with the 
mouse transferrin receptor reactive bispecific antibody versus those receiving the control bispecific 
antibody (Fig. 18, color images provided in the Appendix). When the vectorized agent was used, brain 
levels increased between 1 and 6 hrs and then declined to a much lower level at 24 and 48hrs. Mice 
treated with the control displayed no increase between 1 and 6 hrs. The reason for decreased brain 
levels at 24 hrs and beyond is not known but this might be due to dehalogenation of the bispecific 
antibody probes so that free 125 1 is released and exits the brain. Alternative radioactive labels such as 
*In (52) or 99™Tc (53) will be attached to the vectorized bispecific antibody if the use of iodine 
presents a technical problem. 




CnJrni / J??"' Bra u in J m ^ of Mice (Nose w Ri 9"0 Treated with Vectorized (bottom) or 

Control (top) Bispecific Antibody; Darker Central Region in the Image Denotes Greater CPM 
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Further studies and additional- controls will be run to determine the significance of the 
apparent differential distribution of these 125 I-labeled probes. For example we will co-inject a large 
excess of unlabeled vector antibody (anti-mouse TfR) with the 125 I-labeled vectorized bispecific 
antibody in an attempt to block its receptor-mediated entry into the brain. This imaging technology 
will be useful for determining if smaller vectorized bispecific antibodies (eg. F(ab'h) with different 
physical properties and an altered biodistribution will penetrate into the brain more effectively. 
Importantly, the digtital scintigraphy data shown above can be easily quantified using standards and 
the integration functions provided in the analysis software. For example/ the central dark region in 
the brain image shown above corresponds to -1.5 x 10 5 cpm. 



C.3 Disruption of Plaque Development in Transgenic Mice 



a. The Tg2576 transgenic mouse colony: Transgene-positive Tg2576 mice for breeding 
were generously provided by Dr. Karen Hsiao (44). She provided us with the pertinent breeding 
information concerning these mice and has offered to answer questions if any problems arise. Our 
animal care technicians are well experienced in handling transgenic mice and have established a 
healthy colony. 

Dr. Hsiao recommended that we perform genotyping on the Tg2576 mice both before and after 
each experiment. The 3'UT of the hamster cosmid PrP vector will be used as a hybridization probe (45) 
and we have received a sample of this region. Ear punch biopsy DNA has been prepared and PCR 
procedures have been carried out on every weaned mouse to identify mice bearing the transgene (45) 
(data not shown). We now routinely process and cut brain sections for immunocytochemical and 
thioflavin S detection of amyloid plaques in these mice (Fig. 19). AJ3 in brain tissue will also be 
extracted and quantified by ELISA as previously described (45). 




Fig. 19 Low- and High-Power Micrograph of Thioflavin Stained Brain Plaques from Our Tg Positive Mice 
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D.l Elicit Monoclonal Antibodies with Native Aft and Transition State A0 Antigens 



a. Antigen synthesis, immunization and hybridoma fusion protocols: We have 

synthesized the A3 40mer, the three native A3 peptides shown in Fig. 4 and the statine-based 
transition state A3 peptides shown in Figs. 8 and 9 by standard automated Fmoc chemistry. A 
transition state phoshonamidate peptide (Figs. 5 and 7) was prepared by a combination of synthetic 
organic chemistry and automated Fmoc chemistry as outlined in Section C.lb. Synthesis of 
phosphonate transition state analogs will proceed along a similar line. Newly synthesized peptides 
will be purified by HPLC and their composition will be verified by mass spectral and amino acid 
analysis. The peptide synthesizer, mass spectrometer and amino acid analyser are all located at our 
BBRI facility so that the synthesis of any additional A3 peptides can be easily accomplished if and 
when they are needed. 

The native and transition state A3 peptides will" be linked to antigenic carrier proteins like 
KLH or ovalbumin in order to elicit an immune response. A Cys residue will be strategically placed at 
the N or C-terminal end of the peptides to provide a suitable linkage group for coupling them via a 
thioether bond to maleimide activated carrier proteins. This stable linkage attaches the peptide in a 
defined orientation. Addition of -20 peptides/KLH has been obtained based upon the transition 
state amino acid content as determined by amino acid analysis of the hydrolyzed conjugates. 

The AJ3 peptide antigens will be emulsified in complete Freunds adjuvant and injected i.p. into 
BALB/c mice. After -1 month the animals will be given a boost i.p. using the antigen emulsified with 
incomplete Freunds adjuvant. Serum from these animals will be analyzed for anti-peptide antibodies 
by ELISA as shown in Preliminary Studies Section C.lg and C.li. Animals showing abundant 
antibody production will be boosted by an i.v. injection with antigen and three days later they will be 
used to generate hybridoma clones that secrete monoclonal antibodies. Spleen cells from mice with 
the highest titre will be fused with mouse myeloma NS-1 cells to establish hybridomas according to 
standard procedures (54, 55), The production of monoclonal antibodies has been a mainstay of this 
laboratory for many years and fusions are routinely run on a bi-weekly basis. Preliminary Studies 
Section CA describes our progress toward obtaining anti-A0 and anti-AJ3 transition state analog 
monoclonal antibodies. 

b. Screen and isolate select anti-Al* antibodies: The initial screen for anti-A£ and 

anti-transition state AJS peptide monoclonal antibodies will be performed using ELISA (Preliminary 
Studies Section, C.lg and C.li). Both the transition state peptide and the corresponding natural A3 
peptide will be adsorbed onto separate microtitre plates. The hybridoma supernatants will be 
screened using two assays so that the relative binding to both native and transition state A3 
peptides can be quantitated. Clones producing monoclonal antibodies that preferentially recognize 
the transition state or bind A3 with high affinity will be selected for expansion and further study. 

searching for potential catalytic antibodies, the clones ^^^^.p^^^^^^ 
jas^^-i§l ect 311(3 discard antibodies with substantial affinity for the predicted cleavage^^^,^ „ 
le native A3 peptide, eg. MVGG and W1AT for the anti-phosphonate or anti-phosphoamidate 
antibodies; HQKLVF and FAEDVG for the anti-phenylalanine statine transition state antibodies; 
GGW and 1AT for the anti-statine antibodies. This is important since such catalytic antibodies 
would be subject to product inhibition and might therefore exhibit low turnover. 



8|^||m^upematants for proteolytic activity makes use of a 

^jsafflB*- ^Wll^^tudies Section, C.lh). The Sepharose-linked, 125 1- 

JfSHia. very sensitive and convenient method for detecting catalytic cleavage 
by the progressive release of soluble 125 l-peptide. It is cleaved by several naturally occurring proteases 
but preliminary tests indicate that interference from high levels of background hydrolysis will not be a 
problem when assaying hybridoma supernatants of clones that do not produce catalytic antibodies 
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(Fig. 11). As a further precaution against exogenous proteases, all hybridoma cell fusions and cell 
culturing can be carried out in serum-free media. 

General assays for detecting the proteolytic cleavage of any of the synthetic AJ3 peptides would 
include HPLC analysis or TLC followed by detection of the newly generated peptides using the highly 
sensitive fluorescamine reagent. High specific activity 125 I-A8 has been synthesized. Cleavage of 125 I- 
labeled A0 peptides will be discerned by autoradiography following separation by silica gel TLC using 
ethanol-10% cone. NH4OH. 

Several important variables will be examined for their impact on the catalytic activity of the 
anti-transition state antibodies, including pH, temperature, ionic strength and the presence of 
different metal ions. Thus for example, specific cleavage will be assayed at three pH values, pH 5, pH 7 
and pH 9 either at 25° or 37° C. Zn ++ , Cu ++ and other metals that can facilitate peptide hydrolysis 
will be tested for effects on the antibody catalyzed reaction. 

Selection of the highest affinity monoclonal anti-AJ5 antibodies will be accomplished by 
screening clones with the 125 I-Af5 binding assay described in Preliminary Studies Section, C.lf. This 
assay is extremely sensitive and, by using serial dilution, will provide relative binding affinities for the 
different hybridoma supernatants or purified antibodies. 

Identification of anti-AS antibodies with the capacity to dissolve A# aggregates will be 
performed using either a radioactive assay or a fluorescence-based microscopic assay. A description of 
those two procedures and examples of the data obtained are provided in Preliminary Studies Section, 
C. Ij and Fig. 13 and Table II. 

Judging by our preliminary criteria, we will determine which anti-Aj3 hybridoma clones to 
expand and use for ascites induction. Selected clones producing anti-AJ3 antibodies and clones 
producing anti-receptor antibodies will be injected into separate pristane-primed mice. Ascites will be 
collected and the specific monoclonal antibodies will be isolated. Purification can be accomplished 
using a Protein A column or antibodies can be isolated from ascites fluid by (NH4)2S04 precipitation 
and passage over an S-300 column to obtain the 150kDa immunoglobulin fraction. Monovalent Fab 
fragments will be prepared and isolated by established methods. Their purity will be evaluated by 
SDS-PAGE under reducing and non-reducing conditions. 

Chronic treatment of transgenic Tg2576 mice biweekly with 1.5 mg of a vectorized bispecific 
antibody for 10 weeks will require 30 mg/mouse. We routinely obtain 50-1 OOmg of purified 
monoclonal antibody from each ascites-bearing mouse. Thus an ample supply of these reagents will 
be available for use in our study of their effect on AS depletion and behavioral deficits in Tg2576 
mice. 

With purified anti-AJ5 antibodies in hand, we will proceed to further characterize their binding 
specificity, the mechanism of antibody-dependent AJ3 cleavage as well as the resulting peptide 
cleavage products. Direct binding of 125 I-AJJ peptides to the antibodies will be measured by 
equilibrium dialysis or by the polyethylene glycol precipitation method described in the Preliminary 
Studies Section. Competitive displacement assays will be used to measure the relative binding 
strength of different unlabeled AJS peptides. This assay will provide a quantitative measure of affinity 
that will augment the specificity data obtained by ELISA. 

Many of the assays and conditions detailed in the Preliminary Studies Section for measuring 
catalytic activity on AJS substrates will be employed to fully define the hydrolytic properties of the 
isolated anti-transition state antibodies. As described, a comparison will be made with the 
uncatalyzed reaction run under identical conditions. At this stage, however, some very important 
controls will be run. First we will ensure that catalytic antibody activity is completely blocked by the 
appropriate transition state peptide. This non-cleavable "inhibitor" should bind much more tightly to 
the antibody combining sites and thereby prevent substrate binding or cleavage. Substrate specificity 
will be further established by showing no cleavage of a sham A3 peptides having a different amino 
acid sequence. The products of hydrolysis will be fully characterized by HPLC, amino acid and mass 
spectral analysis. Control antibodies that are not directed against the transition state AJ3 will be 
tested and are expected to produce no catalysis. Catalytic activity will be shown to reside in the 
purified Fab fragments of the anti-transition state antibody. 
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A kinetic analysis of the catalyzed reaction will be performed by measuring the initial rates of 
hydrolysis as a function of substrate concentration. Data will be analyzed on a Lineweaver-Burke 
plot so that it can be confirmed that the reaction follows classical Michaelis-Menten kinetics. A rate 
acceleration for hydrolysis will be calculated by the ratio of kcat/kuncat- The reaction will also be run 
for an extended length of time to demonstrate catalytic turnover. 

In addition to demonstrating binding to and cleavage of soluble A6 peptides, we will also 
explore the effect of the purified anti-A6 antibodies on insoluble AJ5 precipitates {Preliminary Studies 
Section C.lj) (23, 24). A highly active catalytic antibody might destroy insoluble A$ plaques by 
hydrolytically cleaving the constituent aggregated peptides. Moreover, if insoluble peptide is in 
equilibrium with a low level of soluble AJ3, then an anti-AJ3 binding antibody could upset this 
balance and gradually dissolve the precipitate. These interesting possibilities will be tested since AJS 
precipitates can be easily formed and measured in vitro (8, 9) (Fig. 17 and Table II). 



c. Infuse anti-Afi antibodies directly into the CNS of mice: Anti-AB antibodies which 
selectively cleave, or tightly bind the AS peptide and/or dissolve its aggregates in vitro will be delivered 
into the brain of plaque-bearing Tg2576 transgenic mice (44) by direct intracerebral infusion. This 
technique will give these antibodies immediate access to AS in the brain without having to cross the 
blood-brain barrier. Subsequent action of the antbodies on size and/or number of A3 brain plaques 
will then be monitored. Consequently, intracerebral infusion experiments will provide valuable 
preliminary data that would help us select anti-A0 antibodies which should produce the best 
vectorized bispecific reagents for affecting cerebral plaques. 

A cannula must be stereotaxically placed in the skull of Tg2576 mice in order to facilitate 
direct parenchymal or intracerebroventricular infusion of our anti-AS antibodies into the brain. This 
surgical procedure will initially be performed, for a modest fee, by surgical technicians at Taconic 
Technical Services. Briefly, the animal is anesthetized using sodium pentobarbital and placed in a 
stereotaxic frame. A midsaggital incision is made on the scalp to expose the skull, and the underlying 
fascia is scraped away. A hole is drilled to accept a sterilized length of stainless steel hypodermic 
tubing, which is stereotaxically advanced so that its tip is appropriately located in the brain. The 
guide cannula is then attached to the skull using a special glue and is sealed with a screw-on stylet. 

Dr. M; J. Young routinely performs brain cannulation procedures here at our in-house BBRI 
animal facility. We have and will continue to consult with him regarding these infusion experiments. 
He has all of the required equipment for those studies and this gives us an good opportunity to learn 
the surgical techniques for cannula placement ourselves. 

The cannula is expected to remain in place for a least two weeks so that we can administer 
multiple infusions of antibody into the brain of plaque-bearing Tg2576 mice. A 1 ^1 bolus of a sterile 
50mg/ml solution (56) of either a monoclonal anti-AJS or irrelevant control antibody will be 
microinjected into immobilized mice via an injection cannula (infused over a 2-8 min period using a 
PE- 10 fluid line connected to a 10 syringe driven by a syringe pump). 

At the completion of an experiment the animal will be sacrificed and its brain will be fixed, 
frozen and sectioned for analysis. Alternate sections will be processed to reveal either the plaques 
(Fig. 18) or the distribution of infused antibody by immunohistochemical staining (56). We would 
expect to find fewer and/or smaller plaques in an area of the brain where the infused anti-AS 
antibody spreads as opposed to regions which are devoid of anti-AS (eg. the opposite hemisphere). 
Animals which receive an irrelevant control antibody should show no plaque reduction. 



D.2 Produce Vectorized Anti-AS/Anti-Receptor Bispecific Antibodies 

a. Construct vectorized bispecific antibodies: The idea of producing hybrid antibodies 
with dual specificity was introduced in 1961 by NisonofT and Rivers (57). They constructed reagents 
that simultaneously bound human and duck red blood cells to yield mixed hemagglutination. Many 
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years later my laboratory recognized that such reagents could serve as very useful biological tools We 
showed that specially designed bispecific antibodies could be used to target drugs and toxins to the 
surface of selected cell types and then deliver these agents into the cytosol by receptor mediated 
endocytosis (29. 30. 58. 59). More recently we have developed bispecific antibodies which are triggered 
to release their payload into specific acidic subcellular compartments (26-28, 60). Importantly one of 
the targets that we employed for those cellular studies is the same transferrin receptor that we plan 
to use in this proposed project for vectorized transcytosis across the blood-brain barrier Thus we 
have a long history involving the design, construction and use of bispecific antibodies for novel 
biological purposes. 

_ Different schemes have been developed to unidirectionally couple whole antibodies or their 
anugen-bmding fragments so that strictly heterobifunctional molecules are formed (see Preliminary 
Studies Section C.2b). Those coupling methods will be used to construct the different bispecific 
antibodies needed for this project. Typica% an antibody with one specificity is chemically modified to 
render it reactive with sulfhydryl groups. Antibody with the alternate specificity is treated to either 
expose its intrinsic sulfhydryl groups or add extrinsic sulfhydryl groups. A cross-linking reaction 
occurs when these two components are. mixed, resulting in the formation of either a disulfide or 
thioether bond. This chemistry is gentle and generally applicable to most antibodies but functional 
assays will be performed to ensure that the antibody binding activity is preserved (see the Research 
Design and Methods Section D.2c). Methods have been described for genetically engineering bispecific 
reagents or for producing them intracellularly by fusing the two different hybridoma clones While 
such procedures may be advantageous at the latter stages of our project they are not an expeditious 
way to produce the vectorized bispecific antibodies needed in the initial phase of this work. 

b. Prepare F(ab') 2 heterodimers for vector-mediated transport into the brain: W e 

will also produce smaller vectorized F(ab ) 2 bispecific reagents to test in the transgenic mouse model 
for severa important reasons. The introduction of whole antibodies into the brain might be 
detrimental if they were to fix complement and promote complement-mediated lysis of neuronal cells 
t has been shown that aggregated A0 itself can fix complement in the absence of any antibody and 
toat »e resulting inflammation may contribute to the pathology of Alzheimer's disease (61-65) The 
possibility of intracerebal antibody having a similar effect would be greatly reduced by eliminating the 
rc region of the antibody. * to 

« m ii *2 S lT ° r m ° re efficient entr y mto ^ brain represents another potential advantage that 
smaller F(ab) 2 or Fv 2 reagents might provide for our intracerebral delivery strategy. We will therefore 
prepare those modified bispecific agents and compare them with full-sized hybrid antibodies for there 
relative effectiveness in reaching the brain, crossing the blood-brain barrier and affecting AJ5 plaque 
development (see the Research Design and Methods Section D.3 for details). It is important to note 
however that only minor differences were found when we compared the capacity of differently-sized 

mdo^£ 1 !?S| r 5? Pt0 H P< ; CmC rC ¥ entS f ° r deliverin g t0 *™ into cells by receptor-mediated 
endocytosis (26). Tins observation might indicate that little variation will be seen for transcytosis 
across the brain capillary endothelial cells which form the blood-brain barrier. At the very least 
however we would expect the two types of vectorized molecules to have different Distribution and 
plasma half-life characteristics (66). 

c. Test the vectorized anti-AJJ for dual specificity and entry into the brain: We will 

™to^^:::? n :i oi f a r ys to verify both bind ^ actMt * s ° f °- ^ 

monito^b^H ^ ^ remained intact. These include a cytofluorometic assay to 

monitor the attachment of the bispecific antibody to the surface of receptor-positive cells (see 
Prelunmary Studies Section C.2c and Fig. 15). In cases where the two halves of a hybSc ^ molecule are 
sSS m h^T 1 SPCCieS CaCh com P° nent W be identified on the membrane ^g sptiels 
S ^ fluor , esent P r °bes. The ability of the anti-A0 half to bind peptide will b ^ measured 
Sable im POly ^ ylen f e ^ Co1 nation technique (see Preliminkry Studies Section C 2c 

a^rtwVt f 125? fS? ^P^^" each W>*d reagent will be tested for a capacity to rned^te the 
attachment of ^I-Aj* to receptor-bearing cells (see Preliminary Studies Section C 2c a^™TabIe fvi 
This demonstrates unequivocally that both functional activitieTreside on the sZl ^dupS ^ Jo.ecull 

3 6 

B000511 



Raso, Victor A 

The capacity of each vectorized bispecific antibody preparation for transcytosis across the 
blood-brain barrier and entry into the brain will be evaluated by the capillary depletion method 
described in the Preliminary Studies Section C. 2d and Fig. 16. We will utilize the radiolabeled 
bispecific antibody injected i.v. into mice and measure its distribution into the parenchymal and 
capillary fractions of the brain homogenate as function of time. Progressive passage from the 
capillaries and into the parenchyma will be indicative of active transcytosis across the blood-brain 
barrier. 

A supplementary, non-invasive method for monitoring this intracerebral delivery process is 
currently being explored and shows promise for future studies. This involves visualizing the entry of a 
radiolabeled bispecific antibody into the brain of live mice using immunoscinhgraphy (see Preliminary 
Studies Section C.2e and Fig. 17). 



D.3 Test Vectorized Bispecific Antibodies for Disrupting Plaque Development in Mice 

?nco P° ratio11 of 125 I-AB into amyloid plaques: It has been shown that i.v. injected 
I-A0 enters the brain (67). Moreover, in vitro. 125 I-A6 binds specifically, reversibly and with high 
affinity to preformed amyloid plaques in unfixed brain sections and homogenates obtained from 
postmortem Alzheimer's disease patients (13). Taken together, these two observations suggest that 
i.v. injected 125 1-A£ might serve as a good, quantitative probe for following amyloid plaque 
development in vixx> using a transgenic mouse model of Alzheimer's disease (44). 

To test whether the proposed in vivo assay does work, brain tissue from -1 year old 
transgenic mice with plaques will be compared to brain tissue from 2-8 month old mice without 
plaques (44). As a first step, we will measure in vitro binding of 125 I-AJ3 directly to plaques in brain 
homogenates as previously described (13). This procedure uses a glass fiber filter to trap the plaques 
and any radioactive AG that has associated with them. It is expected that homogenates from older 
mice that have plaques will bind significantly more 125 I-AJ5 than those from young transgenic mice 
that are plaque-free. 

F ° r ^ ViV ° assa y- the two £ rou PS of mice (i.e. young and old transgenic mice) would receive 
I-A6 intravenously. After a set interval to allow the 125 I-AB to reach and bind to plaques (eg. 5h or 
24h) the animals will be scarificed. Brain tissue will be removed, homogenized and the amount of 
I-A0 bound to plaques measured by the glass fiber filter assay (13). Homogenates from the older 
mice should bind significantly more of the i.v. administered 125 I-A0 than those from the young 
transgenic mice which have not developed plaques. As a specificity control, certain plaque-bearing 
mice will receive an excess of unlabeled Afi co-injected with the 125 I-AJ3. This should effectively block 
the specific binding of 12 5j-AjB to plaques (13). The specificity of the interaction will be further verified 
by using autoradiography of brain sections to localize the 125 I-A0 to plaques in the cortex (13). 

b. Incoporation of 12 5l-labeled bispecific antibodies into amyloid plaques: Many 
anti-AJ5 monoclonal antibodies have been shown to bind to AJ3 plaques in tissue sections, making it 
reasonable to expect that a similar reaction could occur when vectorized anti-AJ5 antibodies are 
administered in vivo and enter the brain. We will routinely test our antibodies for. reaction with 
insoluble AJ3 aggregates produced in vitro. Some antibodies might react exclusively with soluble AJS 
but a few should also bind to these artificial plaques. One of those anti-AjS antibodies will be 
125t ,k ^ the " cou P led to an unlabeled anti- transferrin receptor antibody. This 

I -labeled vectorized bispecific antibody probe will be administered i.v. to 1 -year old, plaque-bearing 
transgenic mice so that the specific localization of ^^j^ to cerebraJ plaques can be visualize J 
usmg autoradiography of brain sections. Accumulation of these probes in the brain of live plaque- 
beanng mice will also be evaluated by immunoscintography (see Preliminary Studies Section C.2e and 

To test for the proposed in vivo localization, brain tissue from - 1 year old transgenic mice with 
plaques will be compared to brain tissue from 2-8 month old mice without plaque^^S we wS 
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measure in vitro binding of 125 I-anti-AJ5 directly to plaques in brain homogenates as previously 
described (13). This procedure uses a glass fiber filter to trap plaques and any radioactive antibody 
that has associated with them. It is expected that homogenates from older mice that have plaques 
will bind significantly more 125 I-anti-A£ than those from young transgenic mice that are plaque-free. 

For the in vivo assay the two groups of mice (i.e. young and old transgenic mice) would receive 
125 I-labeled vectorized bispecific antibody intravenously. After a set interval to allow the 125 l-probe to 
reach and bind to plaques (eg. 5h or 24h), the animals will be scarificed. Brain tissue will be removed, 
so that half can be used for autoradiography and the other half homogenized to measure the 
amount of 125 I-bispecific anti-A0 bound to plaques using the glass fiber filter , assay (13). 
Homogenates from the older mice should bind significantly more of the i.v. administered 125 I-bispecfic 
anti-A0 than those from the young transgenic mice which have not developed plaques. The 
specificity of the interaction will be further verified by using autoradiography of brain sections to 
localize the 125 I-bispecific anti-A6 to plaques in the cortex (13). Gross accumulation of this probe in 
the brain of live transgenic mice will also be visualized by immunoscintography (Fig. 17). As a delivery 
control, certain plaque-bearing mice will receive an excess of unlabeled anti-transferrin receptor 
antibody co-injected with the 125 I-bispecific anti-AJ5. This should effectively block the transport of the 
125 l-bispecific anti-AB into the brain and prevent the labeling of plaques. Further negative controls 
will use 125 I-bispecific antibodies in which either the anti-A6 or and-transferrin half is replaced by 
an irrelevant antibody. 

c. Bispecific antibody inhibition of 125 I-Afi incorporation into amyloid plaques: The 

125 I-A6 in vivo probe will allow us to address two pivotal questions. Can vectorized bispecific anti-AJ3 
antibodies prevent the deposition of 125 I-AS into brain plaques; and, more importantly, will they 
facilitate the removal of 125 I-AJ3 that has already been deposited into the plaques? 

To answer the first question, a vectorized bispecific anti-AJ5 antibody or a non-specific control 
bispecific antibody ( 1 -5mg/300^il) will injected intravenously into separate groups of older plaque- 
bearing transgenic mice. An appropriate interval will be allowed so that the level of bispecific antibody 
will rise in the brain and will be depleted in the blood. Then 125 I-AJ3 will be administered i.v. to these 
animals so that, they can be sacrificed and tested for 125 I-A3 incorporation into brain plaques as 
described above in Section D.3a. We would predict that the presence anti-Afi antibodies in the brain 
would prevent 125 I-A£ from labeling brain plaques by virtue of their ability to cleave or sequester this 
]25 I-peptide. Plaques from mice treated with the non -vectorized control antibody, in contrast, should 
show substantial de novo incorporation of 125 I-AJ5. 

The second part of this study will be carried out by pre-injecting 125 I-AJ3 into plaque-bearing 
transgenic mice so that the radiolabeled peptide can incorporate normaily into the amyloid plaques. 
Preferably, a period of time will be allowed so that the level of 125 I-Af5 in the blood of these mice is 
lowered. Animals with these pre-labeled plaques will then be given an i.v. injection containing 1- 
5mg/300*il of the vectorized bispecific anti-AJ5 antibody or a non-vectorized control bispecific 
antibody. Mice from these two treatment groups will be sacrificed after different time intervals and 
tested for the amount of 125 I-AJ5 that remains incorporated within brain plaques as described above. 
Very slow dissociation of plaque-bound 125 I-AJS is expected for the mice treated with non-specific 
control antibodies. The vectorized catalytic anti-A6 antibodies and vectorized anti-AJS binding 
antibodies however might greatly accelerate removal of the 125 I-A0 from plaques by acting as a sink 
to displace the A3 equilibrium away from the plaque. As a further control, some of the animals with 
pre-labeled 125 i-A6-plaques will be injected i.v. with an excess of unlabeled AJ3. This "blocking- 
control should prevent the re-association of 125 I-A0 that has already dissociated from the plaques. 



d. Effect of bispecific anti-Afi on amyloid plaques and memory impairment: The 

age-dependent appearance of neurological symptoms in the Tg2576 transgenic mouse model offers 
some important opportunities for experimental intervention. Mice less then 9-months old had low 
levels of ABi-40 and AS 1-43 in the brain, 48pmol/gm and 13pmol/gm, respectively, no amyloid 
plaques and good performance in the learning and memory tests (44). In contrast mice over 9- 
months old had high brain levels of A61-40 and A61-43 (264pmol/gm and 175pmol/gm. repectively) 
many AJ3 plaques, and poor performance in learning and memory tests (56). We will administer 
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vectorized anti~A8 bispecific antibodies to young mice which show no abnormalities in order to 
prevent the changes which would inevitably occur at a latter age if they remained untreated. 

Different groups of transgenic mice will be injected i.p. with lmg of either vectorized bispecific 
anti-AB antibodies or non-specific control bispecific antibodies, biweekly during months 7 through 
10. Since the half- life of an injected homologous immunoglobulin is ~40h (30, 66) this protocol 
should maintain adequate anti-AS antibody levels over that period of time. Little or no immune 
reaction would be expected since soluble immunoglobulins from the same species are poor antigens. 

At the begining of month 1 1 and on consecutive months thereafter, some of the mice from 
each group will be tested for spatial reference learning and memory in the Morris water maze (44) and 
then they will be sacrificed to measure Afii-40 and AJB1.43 concentrations and the number of 
amyloid plaques in the brain (44). My laboratory is well trained in the required immunocytochemical 
and ELISA techniques. The characteristics for each of the experimental procedures are provided in 
great detail by Hsiao et al (44) and, for the sake of consistency, will be followed as closely as possible. 
The maze will be constructed according to specifications (44) in the shop at BBRI and animal trials 
will be recorded on videotape for subsequent analysis. We will use normal mice to gain experience in 
this new area of behavioral research prior to performing experiments with Tg2576 mice. The escape 
latency data will be examined with a multifactor analysis of variance including genotype, age, and 
training day to reveal significant main effects. A£i-40 and A61-43 concentrations will be measured 
by ELISA. Mouse brain sections for immunocytochemical and thioflavin S detection of amyloid 
plaques (Fig. 18) will be processed and evaluated, with our supervision, in a double-blind manner by 
the highly qualified, in-house Morphology Unit. The histology technician who will prepare specimens 
is HTL ASCP registered and has 7-years experience working in a neuropathology lab. 1 

If the vectorized catalytic or binding anti-AJS antibodies displace A£ equilibria away from brain 
plaques, then transgenic mice from this group might show a delay or abrogation of symptoms. 
Compared to the non-specific control bispecific antibody treated mice, these animals could have 
reduced concentrations of A£i_ 40 and ABi-43 in the brain and fewer or smaller amyloid plaques. If 
these changes in Afi do occur and the mice also show improved memory and learning compared to 
controls, then the results would strengthen the correlation between soluble A6, the plaques it forms 
and neurologic impairment. 

In addition to testing the vectorized anti-AJ3 antibodies for preventing the formation of 
amyloid plaques and the development of memory deficits in young mice, we will examine the effects of 
these agents on older transgenic mice which are already affected. Different groups of transgenic mice 
will be injected i.p. with lmg of either vectorized anti-Afi antibodies or non-vectorized control 
bispecific antibodies, biweekly during months 1 1-12. 

At the begining of month 13 the mice from each group will be tested for spatial reference 
learning and memory in the Morris water maze (44) and then they will be sacrificed to measure A61- 
40 and AS] ,43 concentrations and the number of amyloid plaques as outlined above (44)1 

These experiments with older mice are designed to test the possibility of reversing the 
symptoms in animals which already have elevated A61-40 and AJ3i- 43 and amyloid plaques in the 
brain as well as neurologic deficits. If the vectorized anti-AJ3 bispecific antibodies displace AJ3 
equilibria away from plaques in the brain then transgenic mice from that group might show a 
reduction or abrogation of symptoms. Compared to the non-specific control bispecific antibody 
treated mice, the concentrations of Aj3i- 4 o and Afii-43 in the brain of these mice might be reduced 
and they may have fewer or smaller amyloid plaques. If these changes in AJ5 do occur and the 
animals also show improved memory and learning compared to controls, then the results would 
strengthen the correlation between soluble AC, the plaques it forms and neurologic impairment. If 
there is a significant reduction in amyloid plaques but no memory improvements, then this would 
indicate either no causal relationship between plaques and neurologic deficits or simply that some 
secondary damage which had already done to the brain is irreversible. 



e. Monitoring animals for adverse effects due to treatment: Throughout the course of 
these experiments mice will be observed for any complications due to treatment with the vectorized 
bispecific antibodies. We will look for overt signs of immune complex disease, anaphylaxis or 
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neurological episodes. Manifestations in the mouse would be respiratory distress, emphysema, 
asphyxia and/or heart or kidney failure. Signs of neurological involvement may include seizures, 
paralysis, erratic behavior or wasting. It should be noted however that these possibilities are 
extremely remote since we will be using homologous mouse antibodies in an experimental mouse 
model. Furthermore, the use of single epitope monoclonal antibodies, the small size of the Afi peptide 
and the large excess of antibody over Afi in the circulation should preclude the formation of 
precipitating immune complexes. Importantly, vector antibodies alone appear safe since animals 
dosed daily for two weeks with an anti-transferrin receptor antibody showed no loss of integrity of 
the blood-brain barrier using a radioactive sucrose probe (31). Lastly, none of the "hybridoma" mice 
that we immunized with Afi antigens or the anti-Afi ascites-producing mice displayed ill effects even 
though some of those induced antibodies cross-react with mouse Afi and mouse amyloid precursor 
protein. 

There is a possibility that an immune response will develop against the covalent cross-linking 
substitutions used to create the bispecific antibodies. Therefore, the mice will be monitored for any 
sign of these potential complications. In chronically treated mice, this event might produce adverse 
immune complex affects and/or inactivation of the bispecific reagents by antibody blocking. We have 
tried to minimize these problems by sparingly substituting the whole antibodies with SPDP, which 
yields an innocuous, 4 atom aliphatic linker between the two antibodies. In the case of bispecific 
Ffab 1 ) 2 molecules the disulfide linkage is between intrinstic cysteine residues and therefore no 
extrinsic chemical modifications should remain. 
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Time table for "CEREBRAL DELIVERY OF VECTORIZED ANTI-XKAMYLOID ANTIBODY" 

Specific Aim Al (Elicit Monoclonal Antibodies with Native AJS and Transition State Aft 
Antigens ) is well underway. The synthesis and characterization of both native AJ3 and the 
new transition state analog A3 antigens is essentially complete. Immunization with those 
antigens has already produced several very interesting monoclonal anti-A6 antibodies and this 
has allowed us to proceed with Specific Aims A2 and A3. We now also have an opportunity to 
test the effects of these antibodies on AJ3 plaques in vivo following direct intracerebral infusion 
into transgenic mice. Additional new anti-AB antibodies will be elicited and examined for novel 
features such as catalyic cleavage of the A£> peptide during Years 1-2. 

Specific Aim A2 {Produce Vectorized Anti-Aft/Anti-Receptor Bispecific Antibodies) is 

proceeding and two vectorized monoclonal bispecific antibodies have already been constructed 
for potential use in humans and for the transgenic mouse model. However, additional 
hybridoma fusions may be needed to obtain the very best catalytic and for high-affinity anti-AB 
antibodies for altering AJ5 levels in the brain. Likewise, alternative vector antibodies (eg. anti- 
insulin receptor) will be used to construct supplementary bispecific reagents. The majority of 
this work on new vectorized anti-A£ antibodies will be carried out during Years 1-2. 

Specific Aim A3 (Test Anti-AJS Bispecific Antibodies for Disrupting Plaque 
Development in Mice) gets to the heart of the matter and therefore every effort will be made 
to move these experiments forward as quickly as possible. We have the appropriate vectorized 
bispecific antibodies to begin experiments in transgenic mice. Our transgenic mouse colony is 
rapidly expanding so that we will soon be able perform these trials in a decisive manner. A 
training period has been allotted early in the project to allow us to become proficient at 
testing animals for spatial reference learning and memory in the Morris water maze. The 
maze will be constructed according to specifications in the shop at BBRI so that we can gain 
ample experience. Our plans to use the in-house Morphology Unit for histology services 
should significantly expedite tissue preparation and the analysis of AJ3 plaques in mouse 
brain sections. The studies outlined in this specific aim are expected to encompass Years 1-4. 
Year 4 is also requested to allow us to recognize and correct any unforeseen problems that 
might arrise. During Year 4 we will modify our best vectorized anti-A6 reagents for future use 
in non-human primate trials. 
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F. VERTEBRATE ANIMALS 

The BBRI-ERI Joint Animal Facilities conform to Federal Guidelines (Guide for the Care 
and Use of Laboratory Animals) and has NIH approval (Sept. 1991 -Jan. 1996). The Animal 
Care and Use Committee reviews all protocols annually. 

The animals used for this project include Balb/c mice, 6-10 weeks old mice and 
transgenic Tg2576 mice. 2-13 months old. The approximate number of animals to be used in 
the first 12-month period is as follows: 100 Balb/c mice and 100 Tg2576 mice. The Balb/c 
mice are required for the generation of anti-AJ3 monoclonal antibodies, which is an ongoing 
need for this research. The transgenic Tg2576 mice are needed to perform the radioactive A6 
and vectorized bispecific antibody localization studies and to test the effect of passively 
administered vectorized bispecific anti-AJ5 antibodies on plaque formation and on the 
development of memory deficits. The restraining cages used during injections are comfortable 
for the animals and not overly restrictive. 

Inhalation of carbon dioxide is the method of euthanasia which will be used. This 
method is consistent with recommendations of the Panel on Euthanasia of the American 
Veterinary Medical Association. 

Veterinary and diagnostic services are provided by the Tufts University School of 
Veterinary Medicine in Jamaica Plain, Massachusetts through contract with the Angell 
Memorial Hospital, Robert Hopkins, DVM. 

The principal investigator, laboratory personnel, and animal technicians involved in 
the proposed research have had instruction or have demonstrated their competence in the 
care, use and handling of laboratory animals. We give assurance of humane practice in 
animal maintenance and experimentation; and we subscribe to the concept of using every 
acceptable method in the performance of this project to minimize the use of animals and to 
prevent animal distress. 
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statements or claims may subject me to criminal, civil, or administrative 
penalties. I agree to accept responsibility for the scientific conduct of the 
project and to provide the required progress reports if a grant is awarded 
as a result of this application. 
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Health Service terms and conditions if a grant is awarded as a result of this 
application. I am aware that any false, fictitious, or fraudulent statements 
or claims may subject me to criminal, civil, or administrative penalties. 
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Principal Investigator/Program Director (Last, first, middle): Raso Victor A 



DESCRIPTION. State the application's broad, long-term objectives and specific aims, making reference to the health relatedness of the project. Describe concisely 
the research design and methods for achieving these goals. Avoid summaries of past accomplishments and the use of the first person. This description is meant 
to serve as a succinct and accurate description of the proposed work when separated from the application. If the application is funded, this description, 
as is. will become public information. Therefore, do not include proprietary/confidential information. DO NOT EXCEED THE SPACE PROVIDED. 

Therapies based upon catalytic antibodies hold great potential for the treatment of human afflictions like 
Alzheimer's disease, AIDS or drug addiction. This stems from the fact that catalytic antibodies constitute exquisitely 
specific reagents which can permanently alter or inactivate their targets. Moreover, since they exhibit turnover, each 
catalytic antibody will continuously destroy many target molecules rather than just binding stoichiometrically. Most 
catalytic antibodies are induced by immunizing with a transition state analog antigen. However, conventional 
transition state strategies have not yielded catalytic antibodies that will readily hydrolyze the peptide bond. 

From a therapeutic standpoint, catalytic antibodies which can specifically cleave polypeptides would 
constitute a very important class of clinical reagents. They could irreversibly inactivate viral envelope proteins, 
bacterial toxins, enzymes or disease causing polypeptides within the body. Therefore, this proposed research tests 
the hypothesis that efficient proteolytic antibodies can be elicited by using elongated transition state peptide analogs 
having novel statine, reduced peptide bond or phosphonate moieties inserted into their amino acid sequence. The 
availability of transition state antigens which reliably elicit catalytic antibodies could establish a new paradigm in 
therapeutic vaccine design. 

To this end, transition state peptides that closely resemble beta-amyloid or gp41 epitopes have been 
synthesized for potential use in combating Alzheimer's disease and AIDS, respectively. These surrogate peptides are 
designed to induce highly specific antibody combining sites that will stabilize the energetically unfavorable, rate- 
limiting, tetrahedral intermediate for peptide hydrolysis. The haptenic peptides were linked to carrier proteins, used to 
immunize mice and hybridomas were established. Binding assays have allowed selection of monoclonal antibodies that 
preferably recognize transition state peptides versus the native peptide or its predicted cleavage products. Several 
assays have been constructed to screen hybridoma supernatants for specific proteolytic activity. Select antibodies will 
be purified and characterized with regard to their catalytic activity. The transition state antigens produced may serve 
as a model for developing new clinical vaccines that establish a resistance to, or provide a treatment for disease by 
inducing catalytic antibodies rather than conventional neutralizing antibodies. 

PERFORMANCE SITE(S) (organization, city, state) 



BOSTON BIOMEDICAL RESEARCH INST 
20 STANFORD STREET 
BOSTON, MA 02114 



KEY PERSONNEL. See instructions on Page 11. Use continuation pages as needed to provide the required information in the format shown below. 

Name Organization Role on Project 

Victor Raso Boston Biomedical Research Institute Principal Investigator 

Christine Kearney Boston Biomedical Research Institute Research Technician 



PHS 398 (Rev. 5/95) " " ^Z~ 2 ™ R nnno«; 

er pages consecutively at the bottom throughout the application. Do noj use suffixes sucfi as 3a, 3b- 

DUWJ ' J BB 



cc 



Principal Investigator/Program Director (Last, first, middle). 



Raso. Vintor A. 



Type the name of the principal investigator/program director at the top of each printed page and each continuation page. (For type specifications, see 
instructions on page 6.) 
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Principal Investigator/Program Director (Last, first, middle): 



Raso. Victor A. 



DETAILED BUDGET FOR INITIAL BUDGET PERIOD 
DIRECT COSTS ONLY 



FROM 

12/1/99 



:' THROUGH 

| 11/30/04 



PERSONNEL (Applicant organization only) 


TYPE 
APPT. 
(months 

) 


% 

EFFORT 

ON 
PROJ. 


INST. 
BASE 
SALARY 


DOLLAR AMOUNT REQUESTED (omit cents ) 


NAME 


ROLE ON 
PROJECT 


SALARY 
REQUESTED 


FRINGE 
BENEFITS 


TOTALS 


Victor A. Raso 


Principal 
investigator 


12.0 


30 


$109,153 


$32 746 


$9,496 


$4? 94? 


Katherine Sheldon 


Res Assoc 


12.0 


100 


$42,950 


$42 950 


$12 456 




Christine Kearney 


Res Tech 


12.0 


100 


$27,515 


$27 515 


%1 979 


404 


Angela J. DiPerri 


Admin. 
Assist. 


12.0 


10 


$36,500 


$3 650 


$1 059 




































































CHIRTHTAIQ y 


$106,861 


$30,990 


$137,851 



CONSULTANT COSTS 



EQUIPMENT (Itemize) 
Liquid Nitrojgen Tank $3,338 
DEAE memsep column $1,500 
ProA memsep column $575 
12-channel pipetter $650 




$6,063 



SUPPLIES (Itemize bv 

Tissue culture sup. (media,sera,etc.) 
Glassware & Disposables 
Consumable Lab Supplies 
Radiochemicals 
Immunochemicals 



$7,500 
$1,500 
$2,000 
$1,500 
$2,000 



Chromatography matls. $2,500 
Chemistry sup./reagents $2,500 
100 mice @ 7.14 $714 




TRAVEL 



. Conference 



PATIENT CARE COSTS 



INPATIENT 
OUTPATIENT 



$1,800 



ALTERATIONS AND RENOVATIONS (Itemize by category) 



OTHER EXPENSES (Itemize by category) 

Publ. Costs 
Animal Housing 



$1,000 
$8,500 




$9,500 



SUBTOTAL DIREC T COSTS FOR INITIAL BUDGET PERIOD 

CONSORTIUM/CONTRACTUAL 
COSTS 



DIRECT COSTS 



$ 175,428 



INDIRECT COSTS 



TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (item 7a. Face Page) 
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BUDGET FOR ENTIRE PROPOSED PERIOD OF SUPPORT 
DIRECT COSTS ONLY 



BUDGET CATEGORY 
TOTALS 


INITIAL BUDGET 
PEROID 

(from Form Page 4) 


ADDITIONAL YEARS OF SUPPORT REQUESTED 


2nd 


3rd 


4th 


5th 


PERSONNEL: Salary and 

fringe benefits 

Applicant organization only 


$137,851 


$143,365 


$149,100 


$155,064 


$161,266 


CONSULTANT COSTS 












EQUIPMENT 


$6,063 


$1,500 


$1,500 


$1,500 


$1,500 


SUPPLIES 


$20,214 


$21,023 


$21,863 


$22,738 


$23,648 


TRAVEL 


$1,800 


$1,800 


$1,800 


$1,800 


$1,800 


PATIENT 

CARE 

COSTS 


INPATIENT 












OUTPATIENT 












ALTERATIONS AND 
RENOVATIONS 












OTHER EXPENSES 


$9,500 


$9,880 


$10,275 


$10,686 


$11,114 


SUBTOTAL DIRECT COSTS 


$175,428 


$177,568 


$184,538 


$191,788 


$199,328 


CONSORTIUM/ 
CONTRACTUAL 
COSTS 


DIRECT 












INDIRECT 












TOTAL DIRECT COSTS 


$175,428 


$177,568 


$184,538 


$191,788 


$199,328 


TOTAL DIRECT COSTS FOR ENTIRE PROPOSED PERIOD OF SUPPORT (Item da. Face Page) — > 


$ 928,650 



JUSTIFICATION. Follow the budget justification instructions exactly. Use continuation pages as needed. 

Personnel: The PI will devote 30% time/effort to supervise the overall project and the scientific endeavors of both the 
res. assoc., Katherine Sheldon (100% time/effort) and the res. tech., Christine Kearney (100% time/effort). The PJ. and 
res. assoc. will take responsibility for the chemical synthesis and evaluation of all transition state peptides, their 
conjugation to antigenic carriers, as well as production of monoclonal antibodies and their characterization. 
They will 

• design and synthesize several ELDKWA transition state gp41 peptides 

• design and synthesize several new A3 transition state analog peptides 

• carry out mass spectral analyses 

• perform energy and conformational analyses of transition state vesus native peptides on graphics workstation 

• plan and implement immunization protocols for each of the many hybridoma fusions required in this project 

• perform hybridoma fusions to generate anti-transition state analog peptide antibodies 

• use the comparative ELISA to screen the specificity of these new monoclonal antibodies 

• develop and utilize catalytic antibody screening assays based upon hydrolytic cleavage of the ELDKWA peptide 

• develop and utilize catalytic antibody screening assays based upon hydrolytic cleavage of A3 peptides 

• purifiy antibodies to fully define their specificity and catalytic activity 

• run kinetics analyses using the catalyic antibodies 

• analyze the peptide cleavage products produced by the anti-A3 catalytic antibodies 

• analyze the peptide cleavage products produced by the anti-gp41 catalytic antibodies 

• carry out immunoblot analyses to identify and characterize the whole HIV cleavage products generated by the action of 
catalytic antibodies 

• run partial N-terminal amino acid analysis on an automated Edman sequencer 
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A full time research technician is required to maintain the smooth operation of all of the support functions 
which allow the laboratory to run effectively. Some of the technical areas for this project include: 

• collection of ascites from mice for monoclonal antibody isolation 

• the purification and analysis of peptides by HPLC 

• the analysis of peptide conjugates by PAGE 

• determination of amino acid composition of the gp41 and A3 transition state analog antigens 

• maintenance of established cell lines and hybridoma clones 

• immunization of animals 

• bleeding mice to test for the production of antibodies 

• running radioimmunoassays 

• assisting in the performance of hybridoma fusions 

• cryo-preservation of cells 

• screening hybridoma clones by ELISA 

• collection of ascites from mice for monoclonal antibody isolation 

• purification and testing of monoclonal antibodies 

• ordering and maintaining laboratory reagents and supplies 

• sterilization of equipment, cages and surgical instruments 

• preparation of buffers and reagents 

Administrative assistance is needed for typing manuscripts and correspondence as well as for 
maintaining records of purchases and expenditures. 



Equipment: A variable volume 12-channel pipetter is needed for removing, transferring and dispensing small 
aliquots of hybridoma supernatant from multiple 96-well plates during catalytic antibody screening 
procedures. The protein A Memsep and DEAE Memsep columns are needed to prepare highly purified 
monoclonal antibodies and Fab fragments which must be free of extraneous enzymatic activity. The liquid 
nitrogen freezer is requested because we have exceeded the storage capacity of our present freezer and we are 
producing new hybridomas at a prodigious rate. 

Supplies: The experimental studies planned will require substantial supplies for peptide synthesis, hybridoma 
production and monoclonal antibody purification. The generation of numerous monoclonal antibodies is 
reflected in the need for purchasing adequate tissue culture supplies and for the considerable number of mice 
required for immunization and ascites production. The chemistry supplies are needed for the synthesis of each 
of the transition state peptides required for inducing and testing anti-transition state antibodies. The funds 
requested include the cost of F-moc-statine analogs (-$1 ,000/gm) that are required for several of the 
transition state peptides described in the proposal. Chromatography materials will be used during the 
synthesis of new peptides and for the purification of monoclonal antibodies. 

Other Expenses: Animal housing is requested for maintenance of the mice used in the numerous hybridoma 
fusions which will be performed and for ascites production. Costs for publishing our findings are requested. 
Funds for travel to one or two national meetings per year are requested for both the P.I. and research associate 
to present research findings. 

Duration of Support. Five years of support have been requested. I believe that the productivity and pioneering 
discoveries of my laboratory have proven our long-term commitment to the study of immunology and to the . 
development of new strategies for realizing its clinical usefulness. The proposed research is fairly 
straightforward but many problems will have to be addressed to achieve our goals. The duration requested will 
allow us to follow up these novel developments and continue to gain new and important scientific insights 
Moreover, the research has been designed so that its fundamental findings may have a direct application to 
numan disease. I feel that the 5-year support is well justified for these reasons. 

4 in »h A " ca [f 9 ° ries are P r °jected at a 4% increase per year. Equipment is projected at $1 ,500 for years 2- 
£ ior me purchase of small equipment items to replace worn or obsolete instruments as needed. Fringe 

of QoT^ 0 <f lculated at 29% for Professional and non-professional personnel. Indirect costs are calculated 
at /o based on salary and wage. 
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BIOGRAPHICAL SKETCH 

Provide the following information for the key personnel in. the order listed on Form Page 2. 
Photocopy this page or follow this format for each person 



NAME 




POSITION TITLE 




Victor A. Raso 


Sr. Scientist 



INSTITUTION AND LOCATION 


DEGREE 
(if applicable) 


YEAR(s) 


FIELD OF STUDY 


Fordham University, Bronx, NY 


B.S. 


1967 


Biology 


Tufts University, Boston, MA 


Ph.D. 


1973 


Biochemistry 








Immunochemistry 



RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order, previous employment, experience, and honors. 
Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and complete references to 
all publications during the past three years and to representative earlier publications pertinent to this application. If the list of publications in the last three years 
exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES. 
Professional Experience: 



1973-1974 
1973-1981 

] 981-1988 

i 988-1989 
1989- 
Honors: 
1983 

1983 

1984 

1984 

1986 

1986 

1987 

1988 
1988 
1990 
1990 

1993 

1996 



Associate in Pharmacology, Harvard Medical School 
Research Associate, Division of Biochemical Pharmacology, Dana-Farber 
Cancer Institute 

Assistant Professor of Pathology, Dana-Farber Cancer Institute, 
Harvard Medical School 

Principal Scientist, Boston Biomedical Res Inst., Dept. of Cell & Mol Biology 
Senior Scientist, BBRI, Dept. of Cell & Molecular Biology 

Invited Lecturer and Tutor at the NATO Advanced Studies Inst., "Receptor 
Mediated Targeting of Drugs," Cape Sounion, Greece 

Lecturer, "Workshop on the Use of Monoclonal Antibodies in Tumor Therapy," 
National Institutes of Health, Bethesda, MD. 

Invited Lecturer at the American Association for the Advancement of Science 
Symposium on "Molecular Targeting of Drugs," NY, NY 
Invited Speaker at the Gordon Research Conference on "Drug Carriers in 
Biology and Medicine," Plymouth, NH 

Invited Lecturer at the Plenary Sess. in the UCLA Sympos. on Molecular and 
Cellular Biology, "Membrane-Mediated Cytotoxicity," Park City, UT 
Invited Speaker, Gordon Conference on "Drug Carriers in Biology and 
Medicine," Plymouth, NH 

Symposium Speaker, "Biological Approaches to the Controlled Delivery of 
Drugs: Barriers, Technology and Therapies," New York Acad, of Sciences, NY 
Session Chairman at the First Internat. Symp. on Imrmmotoxins, Durham, NC 
Recipient of the Pierce Immunotoxin Award 

Speaker at Second Internat. Sympos. on Immunotoxins, Buena Vista, FL. 
Chairman and Speaker, Fifth International Conference on Monoclonal 
Antibody Immunoconjugates for Cancer, San Diego, CA 

Invited to lecture at the American Association for the Advancement of Science 
Symposium "Drug Targeting in Diagnosis and Therapy," Boston 
Chairman and Speaker, Exploring and Exploiting Antibody and Ig Superfamily 
Combining Sites, Novel Immunotoxin Strategies, Keystone Symposia, Taos, NM 

Publications (Partial): 

1. Raso, V and Stollar, BD. Antibodies specific for conformationally distinct coenzyme-substrate 
transition state analogues. A fluorescence, N.M.R., circular dichroism and antibody study of N- 
(5-phosphopyridoxyl)-3 , -amino-L-tyrosine. J. Amer. Chem. Soc. 1973; 95:1621. 
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2. Raso V and Stollar BD. The antibody-enzyme analogy. Characterization of antibodies to 
phosphopyridoxyltyrosine derivatives. Biochem. 1975; 14: 584-591. 

3. Raso V and Stollar BD. The antibody-enzyme analogy. Comparison of enzymes and antibodies 
specific for phosphopyridoxyltyrosine. Biochem. 1975; 14: 591-599. 

4. Raso V and Griffin T. Specific cytotoxicity of a human immunoglobulin directed Fab'-ricin A 
chain conjugate. J Immunol. 1980; 125 :2610. 

5. Raso V and Griffin T. Hybrid antibodies with dual specificity for the delivery of ricin to 
immunoglobulin bearing target cells. Cancer Res. 1981; 41:2073. 

6. Raso V, Ritz, J. Basala M and Schlossman SF. A monoclonal antibody-ricin A chain conjugate 
which is selectively cytotoxic for cells bearing the common acute lymphoblastic leukemia 
antigen (CALLA). Cancer Res. 1982; 42:457. 

7. Raso V. Antibody mediated delivery of toxin molecules to antigen bearing target cells. In: 
Moller, G, Ed. Immunological Reviews: Antibody carriers of drugs and toxins in tumor therapy. 
Copenhagen: Munksgaard, 1982: 93-117. 

8. Raso V and Basala M. A highly cytotoxic human transferrin-ricin A chain conjugate used to 
select receptor modified cells. J Biol Chem. 1984; 259:1143. 

9. Raso V and Lawrence J. Carbbxylic ionophores enhance the cytotoxic potency of ligand- and 
antibody-delivered ricin A chain. J Exp Med. 1984; 160:1234. 

10. Raso, V, Watkins SC, Slayter H and Fehrmann C. Intracellular pathways of ricin A chain 
cytotoxins. In: Juliano R, Ed. Biological approaches to the controlled delivery of drugs: 
barriers, technologies and therapies. Arm. of the New York Acad, of Sci.. 1988; 507:172-185. 

11. Raso V. and McGrath J. Diphtheria toxin cures athymic mice of human malignant 
mesothelioma. J. Nad. Cancer Inst. 1989; 81, 622-627. 

12. Raso, V. The magic bullet - nearing the century mark. In: Osborn, M. ed. Seminars in Cancer 
Biology. Antibodies in diagnosis and therapy, 1990. vol. 1 pp 227-242 

1 3. Recht, L, Torres, C. 0., Smith, T. W., Raso, V. A., and Griffin, T. W. (1990) Transferrin receptor 
in normal and neoplastic brain tissue: Implications for brain-tumor immunotherapy. J 
Neurosiirg 72, 941-945. 

14. Rakowicz-Szulczynska, E, Kaczmarski, W, Raso, V, Steimer, KS, Durda, P. Internalization of 

anti-gpl20 monoclonal antibody and human antibodies by HIV- 1 -infected T lymphocytes. 

Antibody, Immunoconjugates, and Radiopharmaceuticals 1993; 6: 209-219 
lb. Griffin, T. and Raso, V. Monensin in lipid emulsion for the in vivo potentiation of ricin A 

chain immunotoxins. Cancer Res., 1991;51:4316-4322. 
16 Griffin, T., Rybak, M.E., Recht, L., Singh, M, Salimi, A., Raso, V. Potentiation of antitumor 

immunotoxins by liposomal monensin. J. Natl. Cancer Inst. 1993; 85: 292-298. 

17. Raso, V. Immunotargeting Intracellular Compartments. Anal. Biochem. 1994; 222: 294-304. 

18. Griffin, T., Recht, L, Maher, E., Delichatsios, H., Raso, V. 1994; Antibody and Ligand-Toxin 
Conjugates as Therapeutic Agents. In: Cancer Therapy in the Twenty-First Century, Vol. I: 
Molecular and Immunologic Approaches (Huber, B.E. and Carr, B.I. eds). Futura Publishing Co., 

19. Recht, L, Raso, V. Davis, R. and Salmonsen, R. Immunotoxin sensitivity of CHO cells expressing 
human transferrin receptors with differing internalization rates. Cancer Immunol. 
Immunotherpy. 1996; 42: 357-361 

20. Cunningham AL, Naif H, Saksena N, Lynch G, Raso V, Li S, Chang J, Alali M, Jozwiak R, et aL: 
HIV infection of macrophages and the pathogenesis of the AIDS dementia complex: 
Interaction of the host cell and viral genotype. Submitted. J. Leuk. Biol. 1998 

21. Recht LD, Griffin TW, Raso V, Salimi AR. Potent cy toxicity of an antihuman transferrin 
receptor-ricin A-chain immunotoxin on human glioma cells in vitro. Cancer Res 1990: 50: 
6696-6700. 

22. Kelly M, Cunningham AL, Naif H, Adams SL, Lynch GW, Sloane A, Raso V: Dichotomous effects 
of ft-chemokines on HIV replication in monocytes and monocyte-derived-macrophages 
(manuscript in preparation). 1998 

23. Lynch GW, Sloane A, Raso V, Cunningham A: Direct evidence of CD4 oligomers in lymphoid and 
monocytoid cells. Submitted. Eur. J. Immunol. 1999 

24. Raso, V. Intracellular targeting using bispecific antibodies. Meth. Mol. Med. 1998; in press 
Raso, V., Brown, M, McGrath, J., Liu, S. and Stafford, W. Antibodies capable of releasing dipht- 
nena toxin in response to the low pH found in endosomes. J. Biol. Chem. 1997; 272: 27618-27622 

!-u Y." Bl ~ own > M - and McGrath, J. Intracellular targeting with low pH triggered bispecific 
antibodies. J, Biol. Chem. 1997; 272: 27623-27628. uibpecmc 
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NAME 




POSITION TITLE 






Katherine M. Sheldon 




Research Associate 



INSTITUTION AND LOCATION 


DEGREE 
(if applicable) 


YEAR(s) 


FIELD OF STUDY 


Acadia University, Canada 


BScH 


1985 


Chemistry 


Univ. of Toronto, Ont., Canada 


MSc 


1987 


Biochemistry 




PhD 


1991 


Biochemistry 



RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order, previous employment experience, and honors. 
Include present membership on any Federal Government public advisory committee. List in chronological order, the titles, all authors, and complete references to 
all publications during the past three years and to representative earlier publications pertinent to this application. If the list of publications in the last three years 
exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES. 



Professional Experience: 

1991-1993 Postdoctoral fellow, Ontario Cancer Institute, Toronto, Ont., 

working on production of novel peptides that can .be used as 

cellular targeting agents. 
1993 - present Research Associate, Boston Biomedical Research Inst., Boston, MA. 

Immunochemistry and monoclonal antibody development 

Publications: 

Baumal, R., Law, J., Buick, R., Kahn, H., Sheldon, K., Colgan, T., and Marks, A. Monoclonal antibodies to an 
. epithelial ovarian adenocarcinoma: Distinctive reactivity with xenografts of the original tumour and cultured 

cell line. 1986. Cancer Key. 46:3994-4000. 
Bailey, D., Baumal, R., Law, J., Sheldon, K., Kannamphuzha, P., Stratis, M., Kahn, H. and Marks, A. 

Production of a monoclonal antibody specific for seminomas and dysgerminomas. 1986. Proc.Natl. Acad. 

Sci. USA, 83:5291-5296. 

Sheldon, K., Marks, A. and Baumal, R. Characterization of binding of four monoclonal antibodies to the human 
ovarian adenocarcinoma cell line HEY. 1987. Biochem. Cell. Biol. 65:423-428. 

Reilly, R. and Sheldon, K. Monoclonal antibodies in cancer diagnosis and therapy. 1987. Can. J. Hosp. Pharm. 
40: 209-214. 

Ettenson, D., Sheldon, K., Marks, A., Houston, L. and Baumal, R. Comparison of growth inhibition of a human 

ovarian adenocarcinoma cell line by free monoclonal antibodies and their corresponding antibody 

recombinant ricin A immunotoxins. 1988. Anticancer Res. 8:833-838. 
Reilly, R., Sheldon, K., Marks, A., and Houle, S. Labelling of monoclonal antibodies 10B, 8C and M2A with 

indium-1 1 1. 1989. Appl. Radiat. hot. 40:279-283. 
Sheldon; K., Marks, A., and Baumal, R. Sensitivity of multidrug resistant KB-C1 cells to an antibody-dextran- 

adriamycin conjugate. (1989) Anticancer Res. 9:637-642. 
Sheldon, K., Reilly, R., Baumal, R. and Marks, A. Imaging of human ovarian tumour xenografts in nude mice 

using a novel 1 1 1 -In-labelled monoclonal antibody (lOB). (1991) Nucl. Med. Biol. 18:519-526. 
Zhang, AjM., Ballinger, J.R., Sheldon, K. and Boxen, I. Evaluation of reduction mediated labelling of antibodies 

with technetium-99m. (1992) Appl. Radiat. Isot. 19: 607-609. 
Sheldon, K., Marks, A., Baumal, R. Targeting of 1 1 1-In-biocytin to an ovarian adenocarcinoma cell line using 
<?h m ° noclonal antibody-straptavidin conjugates. (1992) Appl. Radiat. Isot. 43:1399-1402. 
Sheldon i K and Sheldon, R.W. A new technique for detecting fluorescently labelled cells at very low densities 

(1993) Anticancer Res. 13:459-466. 
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OTHER SUPPORT 

Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/01 

$70,000 30% 

A Binary System for Cell-Targeted Delivery 

The major goal of this project is to develop a two part system for delivering the isolated, non-toxic, 
complementary functional domains of a toxin to two distinct target sites on a cell. Improved targeting of cells 
and reduced non-specific toxicity will result because these non-toxic halves can combine to regain activity 
exclusively in the dual-labeled target cells. 
OVERLAP 

There is no scientific overlap between the application under consideration and this proposal which was 
submitted. There is budgetary overlap so if both are funded my percent effort would be adjusted and additional 
personnel would be recruited to fulfill the objectives. 

Raso, V. 
PENDING 

Alzheimer's Association (Raso) 6/30/99-5/31/02 

$60,000 20% 

Vaccine To Modulate Systemic 6-Amyloid Levels 

The major goal of this project is to develop a vaccine to induce conventional, systemic antibodies directed 
against the J5-amyloid peptide for potential use in the immunotherapy of Alzheimer's disease. 
OVERLAP 

7 here is minor scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 

Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/02 

$90,000 30% 

Vaccine to Elicit Catalytic Anti-Cocaine Antibodies 

The major goal of this project is to develop a vaccine which will induce catalytic antibodies capable of 

inactivating cocaine by hydrolytic cleavage. 

OVERLAP 

There is no scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 



Raso, V. 
PENDING 

NIH (Raso) 4/1/99-3/31/01 

X7 . _ $75,000 30% 

Vaccine To Modulate Systemic B-Amyloid Levels 

The major goal of this project is to develop a vaccine to induce conventional, systemic antibodies directed 
against theJJ-amyloid peptide for potential use in the immunotherapy of Alzheimer's disease. 
OVERLAP 

There is minor scientific overlap. between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 
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Raso, V. 
PENDING 

NIH (Raso) 7/1/99-6/30/03 

$198,885 50% 
Cerebral Delivery of Vectorized Anti-Beta- Amyloid Antibody 

The major goal of this project is to deliver anti-beta-amyloid antibodies into the brain so that they can delay or 

prevent the formation of cerebral plaques. 

OVERLAP 

There is no scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 



Raso, V. 
PENDING 

NIH (Raso) 7/1/99-6/30/04 

$198,254 50% 

Catalytic Antibody Vaccine To Inactivate HIV 

The major goal of this project is to develop catalytic antibody vaccines for the treatment and/or prevention of 

AIDS. 

OVERLAP 

There is complete scientific and budgetary overlap between the exploratory application under consideration and 
this long-term project which was submitted. Only one would be accepted if both are funded. 



Raso, V. 
PENDING 

NIH (Raso) 12/1/99- 11/30/04 

$175,885 30% 

Immunotherapeutic Agents to Treat Alzheimer's Disease 

The major goal of this project is to deliver anti-beta-amyloid antibodies into the brain so that they can delay or 

prevent the formation of cerebral plaques. 

OVERLAP 

There is some scientific overlap between the application under consideration and this proposal which was 
submitted. There may be some budgetary overlap so if both are funded my percent effort would be adjusted 
appropriately in conjunction with agency staff. 
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RESOURCES 



FACILITIES: Specify the facilities to be used for the conduct of the proposed research. Indicate the performance sites and describe capacities, pertinent 
capabilities, relative proximity, and extent of availability to the project. Under "Other," identify support services such as machine shop, electronics shop, and 
specify the extent to which they will be available to the project. Use continuation pages if necessary. 

Laboratory: The PI occupies approximately 1000 sq. ft. of laboratory space on the 2nd floor of the Boston 
Biomedical Research Institute and has access to 900 sq. ft. of common space. 



Clinical: 



Animal: A complete small animal facility, including a room dedicated to breeding and handling of transgenic 
mice, is located in the basement of the Institute. 



computer BBRI has a Microvax and we are connected to the Internet. Macintosh computers are also located in 
the lab and office for image processing, data analysis, literature searchs, sequence analysis, etc. The 
Silicon Graphics Iris Indigo XS24 graphics workstation at BBRI is available to this project for 
molecular modeling. 



OMice: 



Approximately 100 sq. ft. of office space is allotted to the PI on the second floor of the Boston 
Biomedical Research Institute. 



other. BBRI has a well equipped machine shop, an in-house library and access to the Tredwell library at 
the Massachusetts General Hospital. The BBRI has a PerSeptive Biosystems Voyager RP MALDI- 
TOF mass spectrometer. An in-house fluorescence flow cytometry facility is available. A molecular 
imager system is available for acquiring and digitizing radioisotopic images. The BBRI has an X-ray 
crystallography facility. We have access to an in-house Morphology Unit that provides Histology 
Services, Electron Microscopy Services and Confocal Microscopy Services. 



MAJOR EQUIPMENT: List the most important equipment items already available for this project, noting the location and pertinent capabilities ol each. 

Within the laboratory of the PI are: a scintillation counter, pH meter, semi-micro balance, top loading balance, 
Zeiss inverted tissue culture microscope, CO2 incubator, fraction collectors, UV monitor, LKB 
spectrophotometer, microscope, clinical centrifuge, 6 ft. laminar flow hood, 1 liquid N2 tank (full), flash 
evaporator, a multiple sample harvester, horizontal DNA/RNA gel electrophoresis apparatus, 2 microfuges, 
PAGE apparatus, a western blot apparatus, HPLC, and a video fluorescence microscope set-up. 

Shared equipment at BBRI includes: a gamma counter, 3 scintillation counters, 2 autoclaves, 4 ultracentrifuges, 
a peptide sequencer, a warm room, 3 spectrophotometers, cold room, DNA synthesizer, a peptide synthesizer, 3 
PCR machines, 4 HPLC units, a flow cytometry facility, EM 300 electron microscope, an AVIV circular 
dichroism spectrophotometer, a florescence lifetime apparatus, a DU 650 spectrophotometer, a phosphoimager 
apparatus, a MALDI-TOF mass spectrometer and an ELISA plate reader. 
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A. SPECIFIC AIMS 

Existing paradigms for antibody and vaccine development have not led to the efficacious 
treatment or prevention of AIDS or Alzheimer's disease. Innovative new approaches are therefore 
needed to drive the field of therapeutic immunology foward so that it can accommodate the special 
problems posed by such diseases. The long-term objective of this project is to test a novel concept in 
antibody design. We will develop specific transition state analog antigens that elicit catalytic 
antibodies with a capacity to proteolytically cleave the target protein. Thus, more effective and 
prolonged therapeutic action should be achieved by using catalytic versus ordinary antibodies. 

Central to testing this hypothesis and a major goal of the proposed research is the 
generation of exceptional catalytic antibodies which cleave the peptide bond. Obtaining bona fide 
catalytic antibodies from transition state vaccines is not a trivial task and will require a long-term 
commitment. However, several novel transition state analog gp41 and AJ3 peptides have already been 
produced and some very interesting and potentially catalytic antibodies have been obtained. 
Different transition state peptide analogs will be tested and many fusions are planned to optimize 
our chances for obtaining the best possible reagents. Screening those antibodies for catalytic activity 
and examining some select examples in depth represents the most immediate aim of this research. 
Our rational assembly of reagents and techniques currently puts us in a unique position to 
establish the scientific basis for this novel and potentially high impact approach to treating disease. 

A.1 Produce Statin e Transition State Peptide Analogs of HIV gp41 and AJJ 

a. Synthesize an elongated gp41 peptide containing a tetrahedral statine residue at a 
critical position in the conserved gp41 ELDKWA viral neutralization epitope. 

b. Synthesize elongated peptides having tetrahedral statine analogs at critical 
positions in the sequence of the Alzheimer's disease associated AJS 43-mer. 

A.2 Produce Reduced Peptide Bond Transition State Analogs of HTV gp41 and A» 

a. Synthesize elongated gp41 peptides containing a tetrahedral reduced peptide bond 
at critical positions in the conserved gp41 ELDKWA viral neutralization epitope. 

b. Synthesize elongated peptides having tetrahedral reduced peptide bond at critical 
positions in the sequence of the Alzheimer's disease associated AJ3 43-mer. 



A.3 Produce Phosphonate or Phosphonamidate Analogs of HIV gp41 and Afi 

a. Synthesize elongated gp4 1 peptides containing a phosphonate or phosphonamidate 
bond at critical positions in the conserved gp41 ELDKWA viral neutralization epitope. 

b. Synthesize elongated peptides containing a phosphonate or phosphonamidate 
moiety at critical positions in the Alzheimer's disease associated AJ3 43-mer. 

A. 4 Elicit Monoclonal Antibodies with the Novel Transition State Analog Peptides 

a. Immunize mice with immunogens produced by coupling the different gp41 ELDKWA 
and A6 transition state analog peptides to an antigenic carrier protein. 

b. Establish antibody-producing hybridoma clones and characterize the anti-peptide 
specificity of these antibodies using a comparative ELISA. 

c. Screen hybridoma supernatants using proteolytic assays based upon the cleavage of 
soluble 125 I-peptide. fluorogenic peptide or solid phase 125 i-peptide substrates. 

d. Induce ascites production and isolate monoclonal antibodies that show either 
catalytic activity or a high preference for binding the transition state peptide. 

e. Characterize further the binding specificity, the catalytic activity, as well as the gp41 
and AJ3 cleavage products generated by the antibodies. 
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B.l Application of Proteolytic Catalytic Antibodies to Disease: More than 20 years ago, 

Raso and Stollar published the first formal study expressly aimed at inducing antibodies possessing 
catalytic activity (1-3). A transition state enzyme inhibitor was designed, synthesized and used as a 
hapten to elicit complementary antibody combining sites that would mimic the chosen enzyme active 
site. A fivefold rate enhancement was achieved for the tyrosine transamination reaction occurring at 
these antibody sites versus free in solution. This modest acceleration is actually quite significant, 
considering that this result was obtained well before development of hybridoma technology, so only 
heterogeneous populations of affinity purified rabbit serum antibodies could be used. 

With the emergence of monoclonal antibody techniques, the field of catalytic antibodies has 
exploded, largely due to recent efforts from the laboratories of Lerner, Benkovic and Schultz (4). 
Homogeneous catalytic antibodies can now be selected, purified and studied in the absence of any 
competing non-catalytic species. Numerous catalytic antibodies, accelerating a large array of diverse 
chemical reactions, have been produced within the last several years (4-10). In light of the rapid 
progress since our early pioneering work, it is apparent that the time is now ripe to apply this unique 
technology to the pressing health problems confronting medical scientists. 

Having this end in mind, we have synthesized several novel antigens which are designed to 
elicit catalytic antibodies that irreversibly inactivate disease causing entities. These therapeutic 
antibodies would function by specifically cleaving a critical peptide bond in the protein structure of 
viruses, bacterial toxins, enzymes or disease causing polypeptides within the body. Two eminently 
relevant targets have been selected to develop the fundamental concepts, techniques and reagents 
necessary for testing the potential of this general therapeutic approach. s 

We chose to target the conserved ELDKWA sequence which has been identified as a vital 
neutralization epitope located within the integral gp41 transmembrane protein of the HIV envelope 
(11, 12). Catalytic antibodies, by permanently modifying the viral envelope, should attenuate or 
abolish HIV infectivity and thereby impede the progression of AIDS. The other molecule that we 
decided to target is the 43 amino acid residue beta-amyloid peptide (AJ3) which is central to 
Alzheimer's disease pathogenesis. This full-length peptide deposits as amyloid plaques in the brain 
(13) and those lesions most likely lead to neurological damage and the symptoms of Alzheimer's 
disease. Given the importance of intact A£ to plaque formation, any preemptive cleavage of this 
peptide by a catalytic antibody should yield harmless, amyloidogenically inactive fragments of AJ5. 

Since they exhibit turnover, each catalytic antibody will continuously inactivate many target 
molecules rather than just binding stoichiometrically. Thus, compared to ordinary neutralizing 
antibodies, catalyic antibodies would offer a tremendous boost in therapeutic efficacy. 

B.2 Novel Transition State Peptide Analogs: To create stereochemically altered peptides we 
inserted statine, reduced peptide bond and phosphonate or phosphonamidate moieties into the gp41 
ELDKWA and A0 amino acid sequences. These transition state analog molecules have tetrahedral 
geometry and mimic the peptide bond during hydrolysis. Thus those modified peptides will constitute 
the basis of our antigens for inducing catalytic antibodies that specifically cleave gp41 or AJ3. 

Enzymatic hydrolysis of peptide bonds involves nucleophilic attack on the carbonyl group 
aided by general base catalysis of proton removal from the attacking nucleophile and eletrophilic 
assistance to increase polarization of the -C-O bond. Breakdown of the tetrahedral intermediate 
formed is aided by general acid catalysis to assist departure of the amine. Uncatalyzed rates of peptide 
hydrolysis in water. 3 x 10" 9 s" 1 , predict a half-life of 7 years (14). Proteases can impart a rate 
enhancement of 10 9 , reducing this half-life to < 1 second (15). A catalytic antibody that accelerates 
cleavage 2,500-25,000-fold would put the half-life for hydrolysis in a measurable range of 2-20 hours. 

Statine and reduced peptide bond analogs have not been previously used to elicit proteolytic 
antibodies. The "statyl" moiety is derived from naturally evolved protease transition state inhibitors 
like amastatin. pepstatin and bestatin. Statine-based inhibitors effectively block the activity of 
aminopeptidases, aspartic proteases and the HIV protease. Peptides containing a statine residue offer 
some novel features for the induction of catalytic antibodies. The statyl moiety has tetrahedral bond 
geometry, its length is extended by two CH2 units, there is a strategically placed OH group and the 
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structure has no charge. Statine-based analogs should elicit a class of antibodies which is 
significantly different from that obtained by employing the commonly used phosphonate analogs. 

Reduced peptide bond analogs also introduce a tetrahedral configuration but do not increase 
the distance between amino acid residues. A positively charged secondary amine replaces the amide 
nitrogen and should elicit a complementary negatively charged side chain at a proximal locus in the 
antibody combining site. Such ancillary glutamyl or aspartyl groups could assist antibody-mediated 
catalysis of peptide cleavage via acid-base exchange. 

Phosphonate and phosphonamidate derived oligopeptides are extremely potent inhibitors of 
zinc metalloproteases, thermolysin and carboxypeptidases, in some cases displaying Kj values in the 
femtomolar range (16-18). Pepstatin and synthetic peptide derivatives based upon its unusual amino 
acid, statine, are potent inhibitors of aspartic proteases such as porcine pepsin (Kd = 45 pM) (19), 
penicillopepsin (Kj = 100 pM) (20) and HIV- 1 protease (Kj = 18 nM) (21). Ciystallographic' analyses 
verify that phosphonate and statyl peptides bind to their respective enzyme active sites in a manner 
consistent with that of a good mimic of the tetrahedral transition state intermediate (20, 22). 

Transition state haptens containing phosphonate or phosphonamidate moieties have been 
used to induce a diverse array of catalytic antibodies (8, 9, 23-27). These antibodies accelerated ester 
and amide hydrolysis reactions by a factor of 500-260,000-fold over the uncatalyzed reaction rate. 
Sequence-specific peptide cleavage at a 10 5 -fold enhanced rate has been achieved using antibodies 
elicited by a Co(III) trien-peptide hapten (10). The mechanism may involve stabilization of the 
transition state relative, to the substrate and product (28). Catalysis can also be due to active site 
residues that participate in the reaction via a covalent acyl-antibody intermediate (25). 

B.3 Extended Sequence Transition State Analog Peptides: Despite its sound theoretical 

rationale, the prior use of phosphonate analogs for producing catalytic antibodies with proteolytic 
activity, as opposed to esterolytic or amideolytic activity, has not been fruitful. One possible reason 
for previous difficulties in obtaining proteolytic catalytic antibodies is the small size and artificial 
structure of the transition state analogs used as immunogens. We believe each of our transition 
state peptide analogs have an improved chance for inducing proteolytic antibodies due to their 
greater chain length and the use of native amino acid residues adjacent to the modified peptide bond. 
Our approach takes into account the subsite nature of many proteolytic enzymes. 

We chose to use long transition state peptides because of two important considerations. An 
extended sequence is required to ensure that the predetermined cleavage specificity of the resulting 
catalytic antibody will exclusively recognize the ELDKWA or AJ5 epitope. However, examination of 
naturally occurring proteases suggest that chain length can also , play an important role in the 
catalytic mechanism. X-ray crystallography studies provide structural evidence for multiple enzyme- 
pep tide interactions along elongated groove active sites. There are many examples (29-32) where 
extension of the peptide substrate greatly increases the kc at /K m . A comparison of the cleavage of Ac- 
Ala-OCH 3 versus Ac-Ala-Ala-Ala-OCH 3 by elastase or subtilisin shows that the k cat /K m is 2000- 
4000 times higher for the longer substrate. Similarly, the k cat /K m is 2000 times higher for pepsin 
cleavage of the Phe-Phe bond in Z-Ala-Ala-Phe-Phe-O-4-pyridylpropyl than for its cleavage in the 
shorter Z-Phe-Phe-O-4-pyridylpropyl substrate. By analog}' we designed our long transition state 
peptide analogs to induce complementaiy elongated antibody combining sites which mimic proteolyic 
enzyme active site clefts. Such extended grooves with multiple contact areas between the antibody 
and peptide may be more effective for inducing strain in the peptide bond, which should promote its 
hydrolytic cleavage. 

While it was anticipated from the start that generating catalytic antibodies would not be an 
easy task, we have been pleasantly surprised that the initial use of our antigens has elicited 
numerous bona fide anti-transition state analog antibodies. We also realize that demonstrating 
unequivocally that some of these antibodies or those from the planned subsequent fusions have 
catalytic activity remains a paramount goal of this project. 

An advantage to choosing the ELDKWA epitope and AJ3 as targets for developing catalytic 
antibodies is that carrier-bound, small peptides readily elicit specific monoclonal antibodies that 
react with the intact native structure (33-37). Antibody binding to whole HIV or AJ3 can occur when 
the virus is attached to cells and when AJ5 is incorporated into amyloid plaques. A large array of HIV 
and AJJ peptide antigens have been used to generate antibodies (33-37). 
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B.4 HIV Envelope Target Sites: Targeting our catalytic antibodies to the best possible 

site on HIV is an important consideration for their eventual usefulness as therapeutic agents. We 
have used several criteria to help design antibodies that afford the greatest likelihood for impacting 
AIDS. We chose to target known neutralization determinates on the virus because those epitopes are 
immunogenic, functionally significant and readily accessible to the binding of antibodies. A linear 
determinant rather than discontinuous conformational determinant is required since we need to 
construct a synthetic transition state analog for immunization. Sites which are relatively conserved 
or have single amino acid variants are preferred so that our reagents will be broadly applicable. 
Finally, to be relevant, the neutralization epitope must be expressed on a high percentage of primary 
clinical isolates and not restricted to laboratory stocks of HIV. 

Fortunately, a recent evaluation of the neutralization activity of various monoclonal 
antibodies on primary isolates (12) has identified a gp41 site that meets the criteria that we have 
established. Accordingly, the gp41 ELDKWA epitope as defined by the broadly neutralizing 2F5 
human monoclonal antibody (11) has become the prime focus of our research. An important feature 
of this ELDKWA sequence is its accessibility on the oligomeric form of the envelope glycoproteins (38, 
39). Therefore, we are currently developing transiton state peptide vaccines designed to elicit catalytic 
antibodies that will cleave at the critical ELDKWA locus and inactivate HIV. 

The 2F5 antibody was derived from a person 
infected with the clade B isolate and it neutralized 7 of 
the 9 clade B isolates tested (12). This antibody was 
equally effective against clade A-F virus isolates (40). 
Susceptible isolates had either the ELDKWA sequence or 
a close homolog sequence (ALDKWA and ALDKWQ). Only 
core changes like D-»G or K->T precluded both binding 
and neutralization by 2F5 (12, 41). Thus, by targeting 
this site for modification using catalytic antibodies we 
hope to minimize the chance for natural selection of 
resistant HIV varients which might escape treatment. In 
the event that they are needed, we can easily synthesize 
new transition state analog peptides resembling point 
mutated variants which appear due to the presence of: 
antibody during treatment. The ELDKWA site is located 
immediately above the gp41 ectodomain/HIV membrane 
junction (Fig. 1) (38, 39, 42). Given the importance of this 
gp41 neutralization region to viral function (38,43), any 
premature or preemptive cleavage at that key site by a 
catalytic antibody could release the entire ectodomain and yield an inactive HIV-1 particle. Thus the 
spread of AIDS throughout the body would be impeded by attenuating or abolishing viral infectivity. 

When we initially envisioned this catalytic antibody approach the GPGRAF principal 
neutralization determinant located at the V3 loop of gpl20 appeared to be a reasonable choice as a 
target for antibody-mediated cleavage. Unfortunately, even though anti-V3 antibodies bind to and 
effectively neutralize laboratory isolates like HIV^n they do not consistently neutralize primary 
isolates (12). Substantial preliminary data has already been obtained regarding this V3 target site. 
Therefore some of that work is presented in partial support of this proposal. The underlying strategy, 
transition state analog antigen design and monoclonal antibody methodology are analogous 
regardless of whether the target epitope is ELDKWA on gp41 or GPGRAF on the gpl20 V3 loop. 

B.5 The Importance of the Beta-Amyloid Peptide: Alzheimer's disease is a progressive and 
ultimately fatal form of dementia that affects a substantial portion of the elderly population. 
Definitive diagnosis at autopsy relies on the presence of neuropatholpgical brain lesions marked by a 
high density of amyloid plaques. The principal component of these plaques is a 39-43 residue beta- 
amyloid peptide (AJ3). Each plaque contains ~ 20 fmole (80 picograms) of this 4 kDa peptide (44). 

There is ample evidence to support the pathogenic role of A3 in Alzheimer's disease. For 
example, patients with Down's syndrome have an extra copy of the beta-amyloid precursor protein 
gene due to trisomy of chromosome 21 (45, 46). They correspondingly develop an early-onset 
Alzheimer's disease neuropathology at 30-40 years of age. Moreover, early-onset familial Alzheimer's 
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disease can result from mutations in the beta-amyloid precursor protein gene which fall within or 
adjacent to the AJ3 sequence (47). These observations are consistent with the notion that deposition 
of AJ3 as plaques in the brain might be accelerated by elevation of its extracellular concentration (48). 

Observations have indicated that amyloid plaque formation may proceed by a crystallization 
type mechanism (49, 50). According to this model, the seed that initiates plaque nucleation is an AJ3 
which is 42 or 43 amino acids long (AJ$i-43). One might expect that AC plaque formation in the 
brain is an irreversible process with little chance for therapeutic intervention. However, important 
experiments suggest that a dynamic equilibrium may exist between soluble AJ5 and fibrillar AJ3 
deposited as plaques in the brain (51-55). Those results provide hope for using catalytic antibodies or 
their small fragments as a gentle means for eradicating plaques in Alzheimer's patients. 

Given the central role played by AJ5 in Alzheimer's disease, it has become increasingly 
important to understand the interrelationship between the different pools of these molecules in 
the body. Free AJ5 is present in the blood arises from cells in the peripheral tissues while A/3 species 
found in the central nervous system are derived from peptide released from brain cells. However, since 
the peptides are identical regardless of origin, intercommunication between the brain/cerebrospinal 
fluid pool and the blood/tissue pool is a distinct possibility. The preceding observations indicate that 
the onset of plaque formation, plaque size or the number of plaques might be influenced by reducing 
levels of soluble AJ3 in the brain and these may in turn be linked to AJ3 levels in the blood. Catalytic 
anti-AB antibodies would provide a highly efficient and permanent means of depleting these peptides 
in the blood. In the presence of catalytic antibodies the circulating Aft would be continuously 

degraded into harmless fragments (Fig. 2). AJ3 
equilibria would be perturbed by gradually depleting 
soluble AJS in the blood stream and this could 
correspondingly reduce AJ3 levels in the brain (Fig. 
2). Systemic catalytic antibodies would also prevent 
any passage of intact AJ3 from the blood into the 
CNS. Direct infusion of catalytic antibodies into the 
central nervous system is also feasible but a more 
elegant vector-mediated method for delivering blood- 
borne antibodies across the blood-brain barrier has 
Fig. 2 Equilibria Altered by Catalytic Anti-M been devised (56-59). 
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B.6 Summary: The proposed research explores an entirely new conceptual framework for 
therapeutic antibody and vaccine development. It will allow us to identify, produce and characterize 
several new transition state antigens designed to elicit catalytic antibodies which selectively cleave 
target proteins at any specific sequence site. Locus-specific cleavage on the level of proteins would be 
comparable in importance to the use of restriction enzymes on the level of DNA. 

While it has proven difficult to induce catalytic antibodies that will sever a peptide bond, we 
have introduced several new ideas which should breathe new life into that pursuit. Our transition 
state analogs have been designed to be elongate peptides which incorporate a unique tetrahedral 
bond at the proposed cleavage site. This use of an extended amino acid sequence and of several 
subtly different transition state mimics should promote the induction of catalytic antibodies. 

To test our ideas, we have selected two relevant disease causing entities, the HIV gp41 
envelope protein and the Alzheimer's disease associated AJ3 peptide. Our hypothesis predicts that 
antibodies with continuous catalytic activity should show a significantly boosted therapeutic effect. 
They would neutralize and then permanently inactivate these targets, rather than just transiently 
binding to them. We will directly compare the action of the new catalytic antibodies with 
conventional neutralizing antibodies on the functional activities or either HIV or AJ3. Those 
antibodies and transition state antigens will then be refined to achieve our longer term objective, the 
production of clinically useful antibodies and vaccines for the treatment or prevention of AIDS and 
Alzheimer's disease. 
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C.l Produce Statine Transition State Peptide Analogs of HIV gp41 and AJS 



a. Statine based gp 41 transition state analog peptide: A statine (Sta) transition state 
peptide analog of the gp41 neutralization epitope, ELDKWA, has been synthesized in this laboratory 
(Fig. 3). Replacement of the proposed scissile peptide linkage between Leu663 Aspg64 (I) with a 
"statyl" {~CHOH-CH2'CO~NH ) moiety is designed to elicit catalytic antibodies that will hydrolytically 
cleave the virus at this site in the gp41 region of the envelope. Three additional amino acids in the 
gp41 sequence were included as a spacer and a Cys residue was placed at the position of GIU559 to 
provide a suitable linkage group for coupling this transition state peptide (Cys-Leu-Leu-Glu-feta-Asp- 
Lys-Trp-Ala-Ser) to an antigenic carrier protein (Fig. 3). 
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Fig. 3 Comparison of the gp41 Neutralization Epitope and the Statine Transition State Analog 

The statine transition state analog peptide was synthesized using automated Fmoc chemisty. 
This was feasible due to the commercial availability of Fmoc-statine, [N-Fmoc-(3S,4S}-4-amino-3- 
hydroxy-6-methylheptanoic acid]. The peptide was purified by HPLC and its composition verified by 
its mass spectrum and amino acid analysis. A MALDI-TOF mass spectrograph of our Cys-terminated 
statine transition state gp41 peptide is shown in Fig. 4; (calcd 1,222.5 (M+l), found 12,223. 7J. 
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Fig. 4 Mass Spectrograph of the Cys-Leu-Leu-Glu-Sta-Asp-Lys-Trp-Ala-Ser Transition State Peptide 
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A structural comparison was made between the native peptide and the statine transition 
state peptide using a graphics workstation (Fig. 5). An energy minimization algorithm (1000 
iterations) was applied to the peptides to arrange each in its most favorable conformation. 




t HO, T 

Fig. 5 -Glu-Leu—CO-NH-~ Asp- -Glu-Leu-CH-CH 2 -CO-NH-Asp- 

The peptide link CO-NH- (f ) between Leu663 and Asp664 of the gp41 epitope peptide was 
replaced with an elongated "statyl" moiety -CHOH CH2 CO-NH- (T). The orientation shown above 
illustrates the difference between a planar peptide link of the natural peptide on the left versus an 
extended, tetrahedral "statyl" moiety in the transition state .peptide on the right. 

We determined if the novel statine peptide could be sterically accommodated by the combining 
site of the 2F5 neutralizing antibody that was generated against native gp41 ELDKWA epitopes by an 
AIDS patient. An ELISA was set-up using either the Cys-Leu-Leu-Glu-Sta-Asp-Lys-Trp-Ala-Ser 
statine peptide, two different overlapping gp41 peptides containing the native ELDKWA sequence or 
an adjacent gp41 peptide without that sequence as a negative control (Table I). Our statine peptide 
(Fig. 5) did cross-react with this 2F5 antibody suggesting that the stereochemically altered analog can 
be forced to conform to a combining site that is complementary with the naturally occurring epitope. 
We, of course, will be generating monoclonal antibodies that are designed to accomplish the opposite 
goal; namely, constrain the native ELDKWA epitope into a transition state-like configuration. 

Table I ELISA for Binding of 2F5 to the Statine and Native gp41 Peptides 

Antibody Bound (O.D. 450nm) 



Peptide on Plate No Antibody 2F5 flQ ^Ml 2F5 flO " 8 M) 



No Peptide 


0.016 


0.054 


0.426 


Control Peptide 


0.017 


0.075 


0.399 


Statine Peptide 


0.030 


0.453 


1.471 


Native Peptide 1 


0.024 


0.552 


1.522 


Native Peptide 2 


0.019 


0.422 


1.868 



Our statine-based ELDKWA transition state peptide analog peptide has been thioether-linked 
to maleimide activated keyhole limpet hemocyanin (KLH). The antigen was emulsified in complete 
Freunds adjuvant and injected i.p. into mice. This new immunogen is designed to induce anti- 
transition state peptide antibodies that will recognize and potentially cleave the gp41 ELDKWA 
neutralization epitope. 

A phenylalanine statine transition state analog encompassing the crown region of the V3 
loop of gpl20 on the HIV envelope (Lys-Arg-Ile-His-Ile-Gly-Pro-Gly-Arg-Ala-Phe-TVr-Thr-Thr-Lys) has 
previously been synthesized in this laboratory. Replacement of the proposed scissile peptide linkage 
between Phe324 and ^325 (I) with a "statyl" moiety {-CHOH-CH2-CO-NH-} is. designed to elicit 
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320 g/? catalytic antibodies that will hydrplytically cleave the virus at this site in the V3 

o <V> 25 loop 6). A Cys residue was placed at the position of Arg3i5 to provide a 

3 1 s £ £ suitable linkage group for coupling this (Cys-Lys-Arg-Ile-His-Ile-Gly-Pro-Gly-Arg- 

* ^33 0 Ala-PhSta-Tyr-Thr-Thr-Lys) peptide to an antigenic carrier protein. 



The phenylalanine statine transition state peptide was synthesized using 
\ o automated Fmoc chemisty. This was feasible due to the recent availability of 

^ x Fmoc-"phenylalanine statine" (PhSta), [N-Fmoc-(3S,4S)-4-amino-3-hydroxy- 

^ ^ 5-phenylpentanoic acid] from a commercial source. The peptide was tested for 

purity by HPLC and its composition was verified by mass spectral and amino acid 
Fig. 6 analysis. 

b. Statine based AC transition state analog peptides: The amino acid sequence,of the 43 
residue beta-amyloid peptide (A£) is shown in Fig. 7. Predicting precisely which site on the AJ3 peptide 
will be ultimately best suited for antibody-mediated therapy is difficult. Therefore key epitopes on 

H 2 N-DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAT-C0 2 H 
1 10 20 30 40 

Fig- 7 

the AJ3 43-mer were chosen as targets for the catalytic antibodies. The resulting panel of monoclonal 
antibodies will be screened in vitro to identify those having catalytic activity. 

A series of statine transition state analogs encompassing the carboxy-terminal region of AJ3 
(Gys--Met-Val-Gly-Gly-Val/Sta-V^ has been synthesized (Fig. 8). 



Met-Val-Gly-Gly-Val-Val-Ile-Ala-Thr-C0 2 H 

Fig. 8 35 40 

Replacement of the proposed scissile peptide linkage between Val39 and VaLjo VaLjo 
Ile4i (|) and Ile 4 i and Ala4 2 (I) with a "statyl" moiety (-CHOH-CH 2 -CO-NH-) is designed to elicit 
catalytic antibodies that will hydrolytically cleave AJ3 at one of these sites (Fig. 8). A Cys residue was 
placed at the position of Leu34 (Fig. 7) to provide a suitable linkage group for coupling this peptide to 
a maleimide-activated carrier protein. 

A series of phenylalanine statine (PhSta) transition state analogs encompassing the central 
region of AJ3 (Cys-TVr-Glu-Val-His-His-Gln-Ly^ 
amide) was synthesized in this laboratory (Fig. 9). 

w 

Tyr-Glu-Val-His-His-Gln-Lys-^ 
10 15 20 25 



Fig- 9 

Replacement of the proposed scissile peptide linkage between Pheig and Phe 2 o (|) and Phe 2 o 
and AJa 2 i( j) with a statyl moiety (-CHOH-CH2-CO-NH-) is designed to elicit catalytic antibodies that 
will hydrolytically cleave AJJ at these sites (Fig. 9). A Cys residue was placed at the position of Glyg 
(Fig. 7) to provide a sulfhydryl linkage group for coupling the peptide to antigenic, maleimide-activated 
carrier proteins such as KLH. 

The statine and phenylalanine statine transition state peptides were synthesized using 
automated Fmoc chemisty. We used commercially available Fmoc-statine (Sta), [N-Fmoc-(3S,4S)-4- 
amino-3-hydroxy-6-methyl heptanoic acid] and Fmoc- M phenylalanine statine" (PhSta). |N-Fmoc- 
(3S.4S)-4-amino-3-hydroxy-5-phenylpentanoic acid). Each peptide was tested for purity by HPLC and 
its composition was verified by mass spectral and amino acid analysis. 
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A structural comparison (Fig. 10) was made between the native AJ5 peptide and the transition 
state phenylalanine statine AJ3 peptide using a graphics workstation. An energy minimization 
algorithm (2000 iterations) was applied to arrange each peptide in its most favorable conformation. 





HO, 



t 



Fig. 10 



Val-Phe-CO-NH-Phe-Ala 



Va]-Phe-CH-CH 2 -GO-NH-Phe-Ala 



The peptide link -CO-NH- (f) between Phe^ and Phe20 was replaced with an elongated 
"statyl" moiety -CHOH-CH2-CO-NH- (|) and an energy minimization was applied. This orientation 
shows the difference between the planar peptide link -CO-NH- (f ) of natural AC (left) versus the 
extended, tetrahedral "statyl" moiety -CHOH-CH 2 -CO-NH- (t) in the transition state peptide (right). 

An antibody combining site complementary to a tetrahedral statine transition state analog 
will force the planar peptide bond of the AJ3 substrate into a transition state-like conformation. Such 
distortion should catalyze the cleavage of AJ3 at that locus in the peptide sequence. 



C.2 Produce Reduced Peptide Bond Transition State Analogs of HIV gp41 and Aft 



a. Reduced peptide bond based gp 41 transition state analogs: A reduced peptide 

bond linkage can be easily placed at any site in the gp 41 ELDKWA epitope sequence. The first 
reduced peptide bond transition state analog of ELDKWA that we synthesized is Leu-Glu-Leu-Asp- 
Lys-CH 2 -NH 2 + -Trp-Ala-Ser-Leu-CyS"amide; [calcd 1,164 (M+l), found 1.164]. Automated Fmoc 
chemistry was used to begin synthesis of the blocked, resin-linked Trp-Ala-Ser-Leu-Cys-amide. A pre- 
synthesized Fmoc-Lys aldehyde was then added manually and after the imide was reduced, 
automated synthesis was resumed to complete the peptide (60). 



Fig. 11 




Asp-Lys-CO-NH-Trp 



Asp-Lys-CH 2 -NH 2 ' f -Trp 
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A structural comparison (Fig. 1 1) was made between the native ELDKWA peptide and the 
reduced peptide bond transition state analog using a graphics workstation. An energy minimization 
algorithm (2000 iterations) was applied to arrange each peptide in its most favorable conformation. 

The peptide link -CO-NH- (f ) between Lys672 and Trp673 of the gp41 epitope peptide was 
replaced with a reduced peptide bond -CH 2 -NH 2 + - (f ) and an energy minimization was applied. This 
orientation shows the difference between the planar peptide link -CO-NH- (f ) of natural AJ3 (left) 
versus the corresponding tetrahedral moiety -CH 2 -NH 2 + - (T) in the reduced peptide bond transition 
state analog (right). 

We determined if this novel reduced peptide bond analog could be sterically accommodated 
into the combining site of the 2F5 neutralizing antibody that was generated against native gp41 
ELDKWA epitopes by an AIDS patient. An ELISA was set-up using either the Leu-Glu-Leu 7 Asp-Lys- 
CH 2 -NH 2 + -Trp-Ala-Ser-Leu-Cys-amide reduced peptide bond analog, two different overlapping gp41 
peptides containing the native ELDKWA sequence or an adjacent gp41 peptide without that 
sequence as a negative control (Table II). Our reduced peptide bond analog (Fig. 11) did cross-react 
with this 2F5 antibody suggesting that the stereochemically altered analog can be forced to conform 
to a combining site that is complementary with the naturally occurring epitope. We, of course, will be 
generating monoclonal antibodies that are designed to accomplish the opppsitfc' r goal; namely, 
constrain the native ELDKWA epitope into a transition state-like configuration. 

Table II ELISA for Binding of 2F5 to the Reduced and Native gp41 Peptides 

Antibody Bound (O.D. 450nm) 



Peptide on Plate No Antibody 2F5 i 1 O ^Ml 2F5 f 1 0 ' 8 M) 



No Peptide 


0.032 


0.068 


0.389 


Control Peptide 


0.019 


0.055 


0.425 


Reduced Peptide 


0.018 


0.429 


1.716 


Native Peptide 1 


0.024 


0.558 


1.301 


Native Peptide 2 


0.035 


0.528 


1.702 



b. Reduced peptide bond based A3 transition state analogs: A reduced peptide bond 
linkage can be easily placed at any site in the Af5 molecule (Fig. 7). The first reduced peptide bond 
transition state A3 analog that we made is the Gln-Lys-Leu-Val-Phe-CH 2 -NH 2 + -Phe-Ala-Glu-Asp- 
Val-Gly-Cys-amide central region peptide; [calcd 1,342 (M+l), found 1,344]. Synthesis was begun 
using Fmoc chemistry, a commercially available Boc-Phe-CH 2 -NH 2 + -Phe dipeptide was then added 
manually and automated synthesis was resumed to complete the peptide (60). 

A structural comparison (Fig. 12) was made between the native A3 peptide and the reduced 
peptide bond transition state AJ3 analog using a graphics workstation. An energy minimization 
algorithm (2000 iterations) was applied to arrange each peptide in its most favorable conformation. 



Fig- 12 




B000546 



2 3 



Raso, Victor A 

The peptide link -CO-NH- (f ) between Pheig and Phe20 of AJ3 was replaced with a reduced 
peptide bond -CH2-NH2 + - (t) and 311 energy minimization was applied. This orientation shows the 
difference between the planar peptide link -CO-NH- (f ) of natural A£ (left) versus the corresponding 
tetrahedral moiety -CH2-NH2***- (T) in the reduced peptide bond transition state analog (right). 



C.3 Produce Phosphonate or Phosphonamidate Transition State Analogs of gp41 and AJi 

a. Phosphonamidate and phosphonate gp41 transition state analog peptides: The 

structures shown in Fig. 13 represent the putative transition state for peptide hydrolysis by zinc 
peptidases and the phosphonate or phosphonamidate mimic. Similar tetrahedral transition state 
intermediates are formed in each of the four classes of proteolytic enzymes, the serine-, cysteine-, 
aspartic- and metallo-peptidases. 

HCR HNCHR HCR OCHR HCR HNCHR 

X,« X X 

o; b' (-) of' ( .) of' ( . } *o 

Fig. 13 Trans It ion- state Phosphonaie Phosphonamidate 

We have begun to synthesize a phosphonate transition state peptide analog of a naturally 
occurring close homolog Glu662^Ala 6 62 variant of the gp41 ELDKWA neutralization epitope, Ala- 
Leu-Asp-Lys-Trp-Ala (Fig. 8). Replacement of the proposed scissile peptide linkage between Alae62 
and Leu663 U) with. a phosphonate moiety { P02 '0 ) or phosphonamidate bond [-P02 -NH-) is 
designed to elicit catalytic antibodies that will hydrolytically cleave the virus at this site in the gp41 
neutralization region of HIV. 

Conformational^ altered peptides will be created by incorporating either a phosphonate or 
phosphonamidate bond into the otherwise normal ALDKWA sequence of amino acids which 
comprise the critical gp41 neutralization determinant. Complementary antibody combining sites 
elicited by such peptides should recognize and selectively bind to that naturally-occurring epitope on 
the HIV envelope. However the native ELDKWA sequence in gp41 will necessarily be strained into a 
transition state-like conformation to attain congruency with those antibody sites. That steric 
alteration should make the antibody-bound epitope susceptible to hydrolytic cleavage, especially if 
the adjacent antibody side groups are favorable to acid-base catalysis. 

Our scheme for the synthesis of the phosphonate analog is as follows. The N-terminal portion 
of the phosphonate peptide (Cys-Gln-Gln-Leu-Leu) was synthesized using standard automated Fmoc 
chemistry. Its amino terminus was capped by reaction with acetic anhydride while the peptide was 
still attached to the resin. After cleavage from the resin the N-acetyl pentapeptide was treated with 
pyridine disulfide to protect its sulfhydryl group. 

The dimethyl phosphonate component (Ala-P02"-0-Leu) is being made using H-2- 
hydroxyisocaproic acid according to a previously reported seven-step synthesis with only slight 
modification (16). HBTU-activated peptide linkage (61) will be used to couple this amino- 
phosphonate and the N-acetyl pentapeptide. The HPLC-purified product will be treated with alkaline 
phosphatase plus rabbit liver esterase to remove the two methyl groups and yield N-acetyl-Cys-Gln- 
Glu-Leu-Leu-Ala-P02"-0-Leu. The free carboxyl on Leu affords an opportunity to extend the epitope 
sequence by coupling Asp-Lys-Trp-Ala-amide. Each component in the synthetic scheme will be tested 
for purity by HPLC and its composition will be verified by mass spectral and amino acid analysis. 
Treatment of the peptide with mercaptoethanol will generate a free sulfhydryl to facilitate thioether 
linkage of the transition state peptide to a maleimide activated KLH. 

A structural comparison was made between the native peptide and the transition state 
peptide using a Silicon Graphics Iris Indigo XS24 graphics workstation (Fig. 14). An energy 
minimization algorithm (1000 iterations) was applied to the peptides to arrange each in its most 
favorable conformation. 
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Fig. 14 



Leu-Ala-CO-NH-Leu-Asp 



Leu-Ala-P02*-0-Leu-Asp 



The peptide link -CO-NH- ) between Ala£62 and Le^GS will be replaced with a phosphonate 
bond -P02'-0- (t). The orientation shown above illustrates the difference between a planar peptide 
link of the native peptide (left) versus the corresponding tetrahedral phosphonate bond in the 
transition state peptide (right). 

We have already synthesized a V3 transition state phosphonate peptide (N-acetyl-Cys-Gly- 
Prr>-Gly-Arg-Ala-P02"-0-Phe) according to a scheme similar to that described above. Each component 
vd the synthetic route was tested for purity by HPLC and its composition was verified by mass spectral 
and amino acid analysis. 

/ Replacement of the proposed scissile peptide linkage between Ala323 and 

2 ™S GR 4* Phe324 (|) with a phosphonate moiety {-P02~-0 ) is designed to elicit catalytic 

antibodies that will hydrolytically cleave the virus at this site in the V3 loop (Fig. 
15). The conformationally altered heptapeptide has been created by incorporating 
a phosphonate bond into the otherwise normal sequence of amino acids which 
comprise the critical crown region of the V3 loop. The complementary antibody 
combining sites elicited by such peptides should recognize and selectively bind to 
that naturally-occurring epitope on the HIV envelope. However the native 
sequence in V3 will necessarily be strained into a transition state-like 
conformation to attain congruency with those antibody sites. That steric alteration 
should make the antibody-bound epitope, susceptible to hydrolytic cleavage, 
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Fig. 14 

especially if the adjacent antibody amino acid side chain groups are favorable to acid-base catalysis 

b. Phosphonamidate and phosphonate A/J transition state analogs: A phosphonamidate 
transition state analog of the carboxy- terminal region of AJ3 has been synthesized (Fig. 16). 



Fig. 16 



N-acetyl-Cys-Met-Val-Gly-Gly--CO-NH--Val-Val-Ile-Ala-amide 
35 40 

N-acety^Cys-Met-Va]-Gly-Gly-P02"-NH-Val-Val-Ile-Ala-amide 



Replacement of the proposed scissile peptide linkage between Gly38 and Val39 (\) with a 
phosphonamidate moiety (-PC>2~-NH-) is designed to elicit catalytic antibodies that will hydrolytically 
cleave AJ3 at this site. The N-acetyl-Cys residue was placed at the position of Leu34 to provide 
a suitable linkage group for coupling this peptide to an antigenic carrier protein. The structures in 
Fig. 13 represent the putative transition state for peptide hydrolysis by zinc peptidases and the 
phosphonate and phosphonamidate mimics. Similar tetrahedral transition state intermediates are 
formed in each of the four classes of proteolytic enzymes. 
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The design strategy and methods for synthesizing phosphonamidate- and phosphonate-based 
transition state peptides are straightforward (62, 63). The N-terminal portion of the peptide (N-acetyl- 
Cys-Met-Val-Gly) was made using standard automated Fmoc chemistry. After cleavage from the resin 
the N-acetyl tetrapeptide was treated with pyridine disulfide to protect its sulfhydryl group. An acid 
chloride of Cbz-glycine phosphonate monomethyl ester (62, 63) was coupled with Val-Val-IIe-Ala- 
amide which was synthesized by automated Fmoc chemistry. The product, Cbz-Gly-P02~-NH-Val-Val- 
Ile-Ala-amide has a phosphonamidate (methyl ester) bond between the Gly and Val residues. Next, 
the Cbz blocking group was removed using hydrogen so that the protected N-acetyl-Cys-Met-Val-Gly 
peptide could be added to the amino terminal end of this transition state peptide by HBTU- activated 
peptide linkage. Treatment with mercaptoethanol and rabbit liver esterase was used to deblock the 
peptide. Each key component in the synthetic scheme was tested for purity by HPLC and its 
composition was verified by mass spectral and amino acid analysis. This new AJS analog,, N-acetyl- 
Cys-Met-Val-Gly-Gly-P02"-NH-Val-Val-Ile-Ala-amide (Fig. 16) is designed to elicit catalytic antibodies 
that will specifically cleave AJ3 at the Gly-Val bond. 

The synthesis of phosphonate AJ3 transition state analog peptide (eg. N-acetyl-Cys-Met-Val- 
Gly-Gly-P02"-0-Val-Val-Ile-Ala-amide) will follow a similar scheme and will use some of the same 
intermediates described for the phosphonamidate transition state analog. 





Fig- 17 



Gly-Gly-CO-NH-Val-Val 



Gly-Gly-P0 2 '-NH-Val-Val 



A structural comparison was made between the native A6 peptide and the transition state 
phosphonamidate A0 peptide (Fig. 17) using a graphics workstation. The peptide link -CO-NH- (f ) 
between Gly38 and Val39 was replaced with a phosphonamidate bond -PC>2"-NH- (t) and an energy 
minimization was applied. The orientation shown above illustrates the difference between the planar 
peptide link -CO-NH- ( j) of native AJ3 (left) versus the corresponding tetrahedral phosphonamidate 
bond -PC>2*-NH- (t) in the transition state peptide (right). 

An antibody combining site complementary to the tetrahedral transition state analog on the 
right of Fig. 16, will force the normally planar bond of the AJ3 substrate peptide on the left into a 
transition state-like conformation. Such bond distortion can catalyze the hydrolytic cleavage of the 
AJ3 peptide at the Gly38-Val39 linkage. 



C.4 Elicit Monoclonal Antibodies with the Novel Transition State Analog Peptides 

a. Immunization of mice: The transition state analog gp41 and AJ3 peptides have been 
linked to an antigenic Keyhole Limpet Heamocyanin (KLH) carrier protein. A Cys residue was 
strategically placed at the N- or C-terminal end of those transition state peptides to provide a suitable 
linkage group for coupling them via a thioether bond to maleimide activated carrier proteins. This 
linkage is stable and attaches the peptide in a defined orientation. 

Standard protocols were used to immunize BALB/c mice with the KLH-linked transition 
state analog peptides. Briefly this procedure used i.p. injection of the different antigens emulsified in 
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complete Freunds adjuvant, followed by a second course in incomplete adjuvant. Three days prior to 
the hybridoma fusion, the BALB/c mice were boosted i.v. with antigen in PBS. 

For example, the Cys-Leu-Leu-Glu-Sta-Asp-Lys-Trp-Ala-Ser peptide (Fig. 3) which is a statine 
transition state analog of the ELDKWA gp41 determinant was linked to KLH. We emulsified this 
antigen in complete Freunds adjuvant and injected the preparation i.p. into mice. A very early bleed 
was examined for the presence of anti-transition state peptide antibodies that will recognize and 
potentially cleave the gp41 neutralization epitope. We screened the diluted sera from 4 immunized 
mice for reactivity with both the statine peptide (Sta-Peptide) and native peptide directly adsorbed 
onto ELISA wells (Table III). 

Table m ELISA for Binding to the Statine Versus Native gp41 Peptide 

Antibody Bound (O.D. 450nm) 



Addition 



Sta-Peptide 



Native Peptide 



Control Serum 
Mouse 1 antiserum 
Mouse 2 antiserum 
Mouse 3 antiserum 
Mouse 4 antiserum 



0.059 
2.460 
2.772 
2.388 
2.479 



0.112 
0.350 
0.365 
0.323 
0.417 



The serum antibodies bound to these carrier- free ELDKWA gp41 peptides adsorbed directly to 
the microtitre plate, confirming their anti-peptide specificity. The analyzed sera preferentially 
recognized our statine gp41 transition state peptide but cross-reacted with the native gp41 peptide 
(Table III). In three weeks the animals will be boosted with antigen in incomplete Freunds adjuvant so 
that a more mature antibody population is simulated. This will give high affinity antibodies having 
greater cross-reaction with the native ELDKWA determinant. Spleen cells from transition state 
peptide-imrnunized mice with the highest titre sera will be fused with myeloma NS-1 cells to establish 
hybridomas according to standard procedures. The production of monoclonal antibodies has been a 
mainstay of this laboratory for many years and fusions are ordinarily run on a routine basis. 

b. Hybridoma production: We performed a hybridoma fusion using the spleen of a 

mouse immunized with the phenylalanine statine transition state AJ5-KLH antigen (Fig. 9). 
Monoclonal antibodies from some of hybridoma supernatants produced were screened using ELISA 
to assess their binding to both the normal Aj3i_43 peptide and to the phenylalanine statine 
transition state Afi peptide. Two major patterns were found (Fig. 18). 
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Fig. 18 



ELISA Comparing Antibody Binding to Transition State Versus Native A& 



One group of antibodies (at the left of Fig. 18) bound to the immunizing transition state 
peptide and cross-reacted strongly with the native AJ3i_43 peptide when each was adsorbed directly 
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onto the ELISA plate. A second group (at the right) showed a high binding preference for the 
phenylalanine statine transition state Aft peptide and reacted minimally with native Aft 1 -43. 

Strong color reactions were obtained in this ELISA using only 10 ^1 of hybridbma 
supernatent while Hy media alone or PBS gave a low background (Fig. 18). These results, demonstrate 
that the comparative ELISA screen, although only a semi-quantitative measure of binding, will 
provide a means for choosing monoclonal antibodies that are highly selective for, and most reactive 
with, the transition state. Importantly, the antibodies bound to the carrier-free Aft peptides adsorbed 
directly onto microtitre plates, showing their anti-peptide specificity. 

These findings indicate that several of the new anti-Aft transition state antibodies are 
unique. They can bind to both the phenylalanine statine- and normal-Aft peptides. Their selective 
recognition of the transition state and weaker cross-reaction with native Aft 1 -43 however implies 
that this binding interaction is veiy different from that shown by conventional anti-native Aft 
antibodies. It suggests further that these new antibodies may be able to force the native Aft peptide 
into a conformation resembling the transition state for hydrolytic cleavage. 

A second distinct hybridoma fusion was performed using the spleen of a mouse immunized 
with a KLH conjugate of the statine (Sta) transition state analogs encompassing the carboxy- 
terminal region of Aft (Fig. 8). ELISA was used to demonstrate antibody binding to both the normal 
Aft 1-43 peptide and to the statine transition state Aft peptide (Fig. 19). 
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Fig. 19 ELISA Comparing Antibody Binding to Transition State Versus Native A& 

The antibodies bound to the C-terminal locus on these carrier-free Aft peptides adsorbed 
directly to the microtitre plate, confirming their anti-peptide specificity. Most of the antibodies 
preferentially recognized the statine Aft transition state but cross-reacted with native Aft 1-43. This 
suggests that these new antibodies may be able to force the native Aft peptide into a conformation 
resembling the transition state for hydrolytic cleavage of its C-terminal amino acids. Such cleavage 
would in effect convert Aft 1.43 into potentially less harmful shorter peptides, like Aft 1.40 or Aft' 1 -39. 

Clone 1 1E9 had the strongest preference for the statine analog and might be the best prospect 
for having catalytic activity (Fig. 19). Several clones displayed no difference in their reactivity with the 
native versus statine transition state Aft peptide. We also tested the clones with Aft 1 -40 to identify 
antibodies which do not react with this shortened, 40 amino acid version of Aft (Fig. 19). Used 
therapeutically, such antibodies would preferentially bind/cleave the less abundant but more 
noxious Aft 1-43 species in the blood as opposed to the smaller and less detrimental Aft 1-40. 

A third hybridoma fusion was performed using a mouse immunized with the V3 
phenylalanine statine transition state peptide-KLH antigen (Fig. 6). Monoclonal antibodies from the 
hybridoma supernatants were screened using ELISA to assess their binding to both the normal V3 
loop peptide and the phenylalanine statine transition state V3 peptide. Data shown in Fig. 20 
indicate that two different patterns of specificity are easily discernable. One group of antibodies 
bound almost equally well to both the immunizing transition state peptide and the native V3 peptide 
attached directly to the plate. Another group displayed a strong preference for the phenylalanine 
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Binding of Phenylalaninestatine Monoclonal Antibodies to V3 Peptides 
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Fig. 20 



EUSA Comparing Antibody Binding to Transition state Versus Native V3 Peptides 



statine transition state peptide, e.g. 3F11, 6E11, 7F7, 7G11, 6G9 and 7B3 and these are the most 
likely candidates for having catalytic activity. 




Importantly, the anti-transition state antibodies tested positive in 
an immunoblot assay that used two different preparations of pure, 
recombinant gpl20 (glycosylated and non-glycosylated, from the AIDS 
Reference Reagent Program) spotted onto nitrocellulose (Fig. 21). 
Additional studies using flow cytofluorimetry showed that some of these 
antibodies reacted with 8E5 cells (64, 65) bearing budding HIV particles on 
their membrane (data not shown). This indicates that recognition of the 
native V3 epitope on the gpl20 envelope protein is retained by the anti- 
transition state antibodies. 

Blot 1 , no antibody control; 

Blot 2, anti-gpl20 positive control; 

Fig. 21 Blot on gpl20 Blots 3-16, various anti-V3 transition state peptide clones. 

An example of the types of antibodies that we expect to obtain from bur phosphonate-based 
transition state immunogens can be had by examining the results from a forth hybridoma fusion 
performed using a mouse immunized with the V3 phosphonate peptide-KLH antigen (Fig. 14). 
Monoclonal antibodies from several of the hybridoma supernatants produced were screened using 
ELISA to assess their binding to both normal V3 peptide and the phosphonate transition state V3 
peptide. Data shown in Fig. 22 indicate that two distinct specificity patterns are discernable. One 
group of antibodies bound equally well to both the immunizing transition state peptide and the 
native V3 peptide when each was attached to ovalbumin. The second group showed a consistent 
preference for the phosphonate transition state V3 peptide and reflected the specificity ratio found in 
the immune serum. Several clones, 2G5, 1G1, 1E3 and especially 4B3. displayed a pronounced 
binding preference for the transition state peptide compared to the other antibodies assayed (Fig. 22). 

The sample run in duplicate, labeled Paul's Ab, is a monoclonal antibody raised against the 
native V3 peptide and is reactive primarily with the GPGRAF crown epitope (66). As expected this 
monoclonal antibody did not cross-react with the steriochemically altered transition state peptide 
GPGF*A-P02"-0-F but showed very strong binding to normal V3. Collectively, these findings clearly 
indicate that the new anti-V3 transition state antibodies are unique. They can recognize both the 
phosphonate- and normal- V3 peptides. Their unique cross-reaction with native V3. however, implies 
that this binding interaction is very different from that shown by conventional anti-native V3 
antibodies. It suggests that these new antibodies may be able to force the native V3 peptide into a 
conformation resembling the transition state for hydrolytic cleavage. 
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Binding of Monoclonal Antibodies to V3 Peptides 
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Fig. 22 ELISA Comparing Antibody Binding to Transition State Versus Native V3 Peptides 

A predicted cleavage by-product peptide CGPGRA was synthesized and thioether-linked to 
maleimide activated ovalbumin so that it could be used for an ELISA that was strictly comparable to 
those presented in Fig. 22. Interestingly, monoclonal antibodies that recognized both the immunizing 
transition state peptide and the native V3 peptide equally well (Fig. 22) also cross-reacted with this 
shortened GPGRA cleavage peptide. In contrast, those antibodies which preferentially bound to the 
transition state peptide versus native V3 (clones 1E3, 4B3, 1A5, 4E4. 2G5 and 1C1) displayed no 
reactivity with the GPGRA in this ELISA. Thus we can now easily select clones so that product 
inhibition will not interfere with the antibody-mediated hydrolysis of the V3 loop. 

These combined results demonstrate that the comparative ELISA screen will provide a means 
for choosing monoclonal antibodies that are highly selective for, and most reactive with our gp41 and 
AJ3 transition state peptides. Importantly, their anti-peptide specificity can be verified by reaction with 
the carrier-free peptides adsorbed directly onto microtitre plates. Those antibodies most likely to 
possess catalytic activity should preferentially bind the transition state peptide as opposed to the 
native peptide. Finally, any antibodies which strongly interact with expected cleavage products can 
be identified and discarded to avoid product inhibition of catalysis. .' 

c. Screen antibodies using proteolytic assays: 
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Fig. 23 Cleavage of 125 I-AE>-Sepharose 



A solid phase 125 I -labeled AJ3 assay was 

developed to screen anti-transition state antibody 
hybridoma supernatants for specific proteolytic 
activity. The Cys-His-Gln-Lys-Leu-Val-Phe-Phe-Ala- 
Glu-Asp-Val-Gly-Tyr-amide peptide encompassing 
amino acids 14-25 of A£ (Fig. 7) was synthesized 
with a Cys and Tyr added at either end. This was 
radiolabeled with 125 I and the iodinated peptide was 
then separated from unlabeled material by HPLC. 
The highly radioactive AJ3 peptide was coupled to a 
thiol-reactive, iodoacetyl-Sepharose gel to form an 
irreversible linkage. Catalytic antibodies should 
promote the progressive release of soluble 125 I- 
peptide from the solid phase matrix. The proposed 
assay was verified by the ability of several different 
proteases in to rapidly hydrolyze this Sepharose- 
linked Afi substrate. The peptide is readily accessible 
to proteolytic cleavage as revealed by a release of 
soluble I25 I-peptide that increased with incubation 
time (not shown). Selected antibodies were screened 



for catalytic activity using release of radioactivity from 125 I-Aj5-Sepharose (Fig. 23) 
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The results obtained at pH 7, 25°C indicate that the antibody-containing media of several 
clones released 125 I-peptide at a greater rate than other clones from this fusion or the PBS and Hy 
medium controls (Fig. 23). Large amounts of these antibodies will now be obtained, purified and 
tested a higher concentrations to achieve much faster rates of cleavage and to verify that the 
antibodies are acting in a catalytic mode using conventional enzyme kinetics. By changing the 
composition of the 125 I-peptide we can use this same strategy to assay antibodies reactive with 
different regions of A£. 

We have also developed and used a similar solid phase assay to analyze anti-V3 transition 

state antibodies from one of our initial hybridoma 
fusions. An example of the kind of results that 
can be obtained is shown in Fig. 1 24. The 
preliminary data indicate that two anti-V3 
clones, 7H3 and 3H3. released 125 I at a greater 
rate then the other antibodies or the controls, 
PBS and SHAM (eluate from protein A column 
after passage of medium with no antibody). 



A problem with the solid phase screening 
assay is that it does not easily allow us to 
determine the identity of the cleaved 125 l- 
peptides or whether the release is truly due to 
antibody-mediated catalysis. We therefore devised 
a thin layer chromatography-based autoradiography 
-issay so that we could obtain more definitive evidence for antibody-mediated cleavage of peptides. 

The V3 system gives an example of how this assay operates. Selected anti-V3 transition state 
ciones were expanded and used to induce ascites production in mice. The different monoclonal 
antibodies were then isolated using protein A-Sepharose. The cleavage assay used 125 I-V3 native 
peptides. One of these. N-acetyl-C-K-R-I-H-I-G-P-G-R-A-F- I25 l-Y-T-T-K-amide. was the same length as 
the transition state V3 peptide used for immunization. We also made a smaller heptapeptide version 
of the crown epitope, N-acetyl-G-P-G-R-A-F- 125 J-Y-amide. These two 125J-V3 peptides bound to the 
appropriate anti-V3 transition state monoclonal antibodies when examined using either a PEG 
precipitation assay (Table IV) or by a co-electrophoresis method. 

To test for peptide cleavage we added the antibodies to the 125 I-peptide, allowed them to 
incubate and then spotted the reaction mix onto polyamide thin layer sheets. The sheets were 
developed in different solvents (eg. 0.5N HC1, 0.5N NaOH or pH7 phosphate buffer) and the migration 
of 125 I-products was followed by exposing the sheet using a digitized phosphorimager system. 




Fig. 24 Cleavage of 125 "I-V3-Sepharose 



Table IV 125 I-V3 Peptide Binding By Anti-Transition State V3 Monoclonal Antibodies 



Addition 



1 2 5-V3 Hep tamer Bound 1 2 5-V3 16-mer Bound 
fcpml : fcpm) 



Control 

Control 

7B1 

3H3 

7B3 



6,429 
5,948 
44,013 
72.375 
5.356 



19,317 
16.747 
37,474 
38,423 
42,571 



The action of naturally occurring proteases on the V3 peptides was also examined by this 
procedure. An example of the results of one of these experiments with the small N-acetyl-G-P-G-R-A- 
F- 125l- Y- amide peptide is shown in Fig. 25. 

It is encouraging to see that these antibodies break down the V3 peptide compared to the 
untreated peptide (PBS in Fig. 25), The various enzymes were tested so that we could identify the 
cleavage site of the antibodies by comparison with the known specificity of the different enzymes. 
Obviously, more experiments must be done and additional controls will have to be run before we can 
conclusively state that the antibodies are catalytically hydrolyzing the V3 peptide at the right site. 
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ELA PLA PRO TRY CHY PBS 3H3 2H9 6G9 7B3 



Fig. 25 TLC; ELA=elastase, PLA=plasmin, PRO=pronase, TRY=trypsin, CHY=chymotrypsin, 
PBS=control peptide alone, 3H3, 2H9, 6G9, 7B3 ^different anti-V3 transition state antibodies. 

An analogous thin layer chromatography-based autoradiography system will be used to assay 
thv: action of anti-ELDKWA catalytic antibodies on the radioactive C-L-L-E-L-D-K-W- A- 125 I-Y 
peptide. We expect to get cleavage patterns comparable to those shown in Fig. 25, although the 
migration of those -^^I-peptide fragments should vary to some degree. The radioactive spots will be 
cluted and subjected to automated Edman degradation sequence analysis so that the exact locus of 
cleavage can be defined. 

It is important to mention that the direct binding of native and transition state 125 I-peptides 
to antibodies can be measured by equilibrium dialysis or by polyethylene glycol precipitation methods 
(Table IV). This will provide a quantitative measure of affinity and will also allow for comparative 
inhibition studies that will augment the specificity data obtained by ELISA. 

We also devised a thin layer chromatography-based autoradiography assay so that more 
definitive evidence for antibody-mediated cleavage of Afi could be obtained. We expanded selected 
anti-phenylalaxune statine AJ3 transition state clones, induced ascites production and isolated the 
different monoclonal antibodies using protein A-Sepharose. The cleavage assay used 125 I-Aj3i_40 and 
a 17-mer, encompassing amino acids 9-25 (Fig. 7). These two 125 I-labeled peptides bound to the 
purified monoclonal antibodies 5A11 and 6E2 when examined using either a PEG precipitation assay 
or by a co-electrophoresis method. To test for peptide cleavage we added the antibodies to the 125 I- 
peptides, allowed them to incubate and then spotted the reaction mix onto polyamide thin layer 

sheets. The chromatographs were developed in different 
solvents (eg. 0.5N HC1. 0.5N NaOH or pH7 phosphate 
buffer) and the migration of 125 I-products was followed by 
exposing the sheet using a quantitative phosphorimager 
system (Fig. 26). 

It is promising to see that these antibodies break 
down the AJ3 peptides compared to the untreated peptides 
(PBS), Clearly, more experiments must be performed and 
additional controls will have to be run before we can 
conclusively state that the antibodies are catalytically 
hydrolyzing the AJ5 peptide at the right site. Various 
naturally occurring proteases will be tested in this system 
so that we can identify the cleavage site of the antibodies 
by comparison with the known specificity of the different 
enzymes. We will also sequence the cleaved AJ3 peptides. 




D. RESEARCH DESIGN and METHODS 
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D.l Synthesis of Statine Transition State Peptide Analogs of HIV gp41 and Afi 

a. Statine based transition state analog gp41 peptides: The strategy and techniques 
for synthesizing statine based transition state peptides are provided in depth within the Preliminary 
Studies, Section C.la. We have furnished details on the synthesis of a statine analog of the gp41 
ELDKWA determinant. A mass spectrum of that new peptide was provided to verify its composition 
and give an indication of its purity (Fig. 4); Placement of a statine residue at alternative sites in gp41 
or in other HIV envelope proteins can be easily accomplished using a analogous approach. The 
peptide synthesizer, mass spectrometer and amino acid analyzer are located at our BBRI facility so 
that any additional peptides can be easily synthesized if and when they are needed. 

The stereochemical differences between the statine analog and the natural ELDKWA peptide 
were examined by computorial analysis (Fig. 5). These data will provide an insight into the various 
conformations that might be recognized by monoclonal antibodies elicited with this transition state 
peptide as well as the degree of distortion or constraint that will be induced into the antibody-bound 
natural ELDKWA peptide. The free energy required to force the native peptide into a geometry 
resembling the transition state will be determined. Calculations will provide an estimate of the 
influence that this strain may have in terms of its association binding constant (K a ) to an anti- 
transition state antibody. 

b. Statine based transition state analog Aft peptides: We synthesized both statine 
based and phenylalanine statine based transition state A£ peptides by standard automated Fmoc 
chemistry (Preliminary Studies, Section C.lb, Figs. 8 and 9). Stereochemical differences between the 
^heny alanine statine analog and natural A3 peptide were inspected by computorial analysis (Fig. 10). 

D.2 Synthesis of Reduced Peptide Bond Transition State Analogs of HTV gp41 and Afi 

a. Reduced peptide bond based transition state analog gp41 peptides: Synthesis 
of a reduced peptide bond based transition state analog of the gp41 ELDKWA epitope has been 
accomplished (Preliminary Studies, Section C.2a). The stereochemical distinctions between that 
analog and the natural ELDKWA peptide were examined by computorial analysis (Fig. 11). Placement 
of a reduced peptide bond at alternative sites in gp41 or in other HIV envelope proteins can be easily 
accomplished using a analogous approach. 

b. Reduced peptide bond based transition state analog Aft peptides: Synthesis of 
a reduced peptide bond based transition state analog of Aft has been accomplished (Preliminary 
Studies, Section C.2b). The stereochemical distinctions between that analog and the natural 
ELDKWA peptide were examined by computorial analysis (Fig. 12). Placement of a reduced peptide 
bond at alternative sites in AJ3 can be easily accomplished using similar approachs. 

D.3 Synthesis of Phosphonate or Phosphonamidate Analogs of HIV gp41 and Aft 

a. Phosphonate or phosphonamidate analog gp41 peptides: The basic design strategy 
and methods for synthesizing phosphonate based ELDKWA transition state peptides are provided in £ 
detail under the Preliminary Studies, section C.3a and Fig. 14. Placement of a phosphonate linkage § 
at alternative sites in gp41 or in other HIV proteins could be accomplished in a similar manner if this § 
was deemed necessary or advantageous. 

The chemical methods for synthesizing phosphonamidate based transition state peptides are 
straightforward (62, 63). We will couple an acid chloride of Cbz-leucine phosphonate monomethyl 
ester with Asp-Lys-Trp -Ala- Ser- amide to produce (Cbz-Leu-P02"-NH-Asp-Lys-Trp-Ala-Ser- amide) with 
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a phosphonamidate bond (-P<>2~-NH-) between the highly conserved Leu and Asp. The Cbz blocking 
groups will be removed so that N-acetyl-Cys-Leu-Leu-Glu can be added to the amino terminal end of 
the transition-state peptide. This new ELDKWA analog, N-acetyl-Cys-Leu-Leu-Glu-Leu-P02"-NH-Asp- 
Lys-Trp-Ala-Ser-amide is designed to elicit catalytic antibodies that will recognize and cleave the 
conserved gp41 ELDKWA epitope of HIV. Placement of a phosphonamidate linkage at alternative sites 
in gp41 or in other HIV proteins could be accomplished in a similar manner. Unlike phosphonate 
derivatives, these phosphonamidate compounds can be prone to hydrolysis. Therefore, the stability at 
neutral pH of these new phosphonamidate peptide analogs will be evaluated by HPLC analysis. 

b. Phosphonate or phosphonamidate analog AJS peptides: We have synthesized a 
phosphoamidate based transition state AJ3 peptide by combined organic synthesis and standard 
automated Fmoc chemistry (Preliminary Studies, Section C.3b, Fig. 16). The stereochemical 
differences between the phosphoamidate analog and the natural A0 peptide were examined by 
computorial analysis (Fig. 17). Placement of phosphonate or phosphoamidate linkages at alternative 
sites in A0 would be carried out using the different protocols described above or in Section C.3. 



D. 4 Production of Monoclonal Antibodies Using the Novel Transition State Analog Peptides 

a. Antigen synthesis and imm u ni zation protocols: The transition state analog gp41 
and AJ3 peptides will be linked to antigenic carrier proteins like KLH or ovalbumin in order to elicit an 
immune response. A Cys residue will be strategically placed at the N- or C-terminal end of the 
peptides to provide a suitable linkage group for coupling them via a thioether bond to maleimide 
activated carrier proteins. This stable linkage attaches the peptide in a defined orientation. Addition 
of -20 peptides/ KLH has been obtained based upon the transition state amino acid content as 
determined by amino acid analysis of the hydrolyzed conjugates. 

The transition state analog antigens will be emulsified in complete Freunds adjuvant and 
injected i.p. into BALB/c mice. After -1 month animals will be given a boost i.p. using the antigen 
emulsified with incomplete Freunds adjuvant. Serum from these animals will be analyzed for anti- 
peptide antibodies by ELISA (Table III). 

b. Hybridoma fusion and ELISA screening: BALB/c mice showing abundant antibody 
production will be boosted by an i.v. injection with antigen and three days later they will be used to 
generate hybridoma clones that secrete monoclonal antibodies. Spleen cells from mice with the 
highest titre will be fused with mouse myeloma NS-1 cells to establish hybridomas according to 
standard procedures {68, 69). Monoclonal antibody production has been a mainstay of our 
laboratory for many years and fusions are routinely run on a regular basis. We have made 
substantial progress toward obtaining several different types of anti-transition state analog 
monoclonal antibodies (Preliminary Studies Section, C 4) 

The initial screen for anti-transition state peptide analog monoclonal antibodies will be 
performed using ELISA (Preliminary Studies Section, C.4b). Both the transition state peptide and the 
corresponding natural ELDKWA or AJ3 peptide will be adsorbed onto separate microtitre plates. The 
hybridoma supernatants will be screened using two assays so that the relative binding to both native 
and transition state peptides can be quantitated. Clones producing monoclonal antibodies that 
preferentially recognize the transition state analog will be selected for expansion and further study. 

When searching for potential catalytic antibodies, the clones will be secondarily screened by 
ELISA to detect and discard antibodies with substantial affinity for the predicted cleavage products of 
the native peptide. This is important since such catalytic antibodies would be subject to product 
inhibition and might therefore exhibit low turnover. For example, antibody-mediated cleavage of the 
HIV gp41 ELDKWA or ALDKWA native peptides would yield LLEL and DKWA for the anti-statine 
antibodies (Fig. 3) or QLLA and LDKWA for the anti-phosphonate transition state antibodies (Fig. 
14). Correspondingly, the native AJ3 peptides would yield MVGG and W1AT for the anti-phosphonate 
or anti-phosphoamidate antibodies (Fig. 16); HQKLVF and FAEDVG for the anti-phenylalanine 
statine transition state antibodies (Fig. 9); GGW and 1AT for the anti-statine antibodies (Fig 8) 
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c. Screening hybridoma supernatants for catalytic activity: As numerous monoclonal 
antibodies are generated against our gp41 ELDKWA and A0 transition state peptides we will need to 
screen the most promising ones for catalytic activity. A rapid intitial test for catalytic antibodies will 
be performed using high specific activity solid phase assays (Preliminary Studies, Section C.4c and 
Figs. 23, 24). Terminal cysteine and tyrosine containing peptides will be synthesized and then 
radiolabeled with 125 I. The iodinated peptide will be separated from unlabeled material by HPLC to 
achieve essentially quantitative specific activity (-2000 Ci/mmol). For example we have recently 
synthesized a C-L-L-)E-L-D-]K-W-A- 125l 'Y peptide which will be used to screen our anti-gp41 specific 
statine, reduced peptide bond and phosphonate/phosphoamidate clones for catalytic activity. 

The radioactive peptides will be coupled to a thiol-reactive, iodoacetyl-Sepharose gel to form 
an irreversible linkage. Release of radioactivity from this matrix will be used to assay anti-transition 
state antibodies for catalytic activity. Tests can be performed directly on antibodies in the hybridoma 
culture medium or antibody can be isolated using protein A-Sepharose and assayed at pH7, 25oC 
with the solid phase peptide. These Sepharose-linked, 125 I-peptide substrates will provide a sensitive 
and convenient method for detecting catalytic cleavage by the progressive release of soluble 125 I- 
peptide. Preliminary assays indicate that interference from high levels of background hydrolysis is not 
a problem when testing hybridoma supernatants of clones that do not produce catalytic antibodies. 
As a further precaution against exogenous proteases, all hybridoma cell fusions and cell culturing 
can be carried out in serum-free media. 

Analysis of the catalytic activity of the anti-transition state antibodies will also be obtained 
using a thin layer chromatography-based autoradiography system (Preliminary Studies, Section C.4c 
and Figs. 25. 26). A soluble radioactive peptide will be used as the substrate and the separation of 
cleavage fragments is achieved on polyamide sheets. Data are collected and quantified using a 
digitized phosphorimager system. The locus of cleavage will be defined by comparison with known 
enzyme cleavage sites and by analysis of the radioactive peptide spots using an automated sequencer. 

A fluorogenic assay will also be used to detect antibody-dependent peptidase activity. 
Commercially available amino acid 7-amido-4-methylcoumarin derivatives will be used as a soluble, 
fluorogenic substrates to test for cleavage on the carboxyl-side of the scissile bond. Hydrolytically 
released 7-amino-4-methylcoumarin is highly fluorescent (InM is detectable) so these substrates or 
modifications thereof provide a simple, but sensitive, direct fluorometric assay. 

d. Isolation of selected monoclonal antibodies: While we expect that the highly 
sensitive assays developed (see section c) will allow us to screen for catalytic antibody activity at the 
hybridoma stage, a high concentration of purified monoclonal antibody might be required to measure 
ELDKWA epitope or A3 cleavage. Several criteria will be used to determine which hybridoma clones to 
expand and use for ascites production in pristane primed mice. These would include, a strong 
binding preference for the transition state analog versus native peptide, no binding to the cleavage 
product peptides and reactivity with whole virus or full-length AJ3. Ascites will be collected and the 
antibodies will be purified by (NH 4 )2S0 4 precipitation and passage over an S-300 column to isolate 
the 150 kDa immunoglobulin fraction. Monovalent Fab fragments will be prepared and isolated by 
established methods. Protein A Memsep and DEAE Memsep columns will be used on a ConSep liquid 
chromatography system to prepare highly purified monoclonal antibodies and Fab fragments which 
must be free of extraneous protease activity. Their purity will be evaluated by SDS-PAGE under 
reducing and non-reducing conditions. Any residual proteases will be removed by passage over 
immobilized proteinase inhibitors. 

e. Characterization of the antibodies and the cleavage products: With purified anti- 
transition state antibodies in hand, we will proceed to characterize their binding specificity, the 
mechanism of antibody-dependent peptide cleavage as well as the resulting peptide and viral cleavage 
products. Direct binding of the 125 I-peptides to the antibodies will be measured at 4° C by equilibrium 
dialysis or by polyethylene glycol precipitation methods (Table IV). These assays are extremely 
sensitive and, by using serial dilution, will provide relative binding affinities for the different 
hybridoma supernatants or purified antibodies. Competitive displacement assays will be used to 
measure the relative binding strength of different unlabeled peptides. This will provide a quantitative 
measure of affinity to augment the specificity data obtained by ELISA 

A detailed analysis of the catalytic activity of the anti-transition state antibodies will be 
obtained using a thin layer chromatography-based autoradiography system (Preliminaiy Studies, 
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Section C.4c and Figs. 25. 26). Radioactive peptides will be used as the substrate the cleavage site will 
be defined by comparison with known enzyme cleavage sites and by analysis of the radioactive 
peptide spots by automated Edman sequence determination. 

Several important variables will be examined for their impact on the catalytic activity of the 
anti-transition state antibodies, including pH, temperature, ionic strength and the presence of 
different metal ions. Thus for example, specific cleavage will be assayed at three pH values, pH 5, pH 7 
and pH 9 either at 25° or 37° C. Zn ++ , Cu ++ and other metals that can facilitate peptide hydrolysis 
will be tested for effects on the antibody catalyzed reaction. 

General assays for detecting the proteolytic cleavage of any of the synthetic peptides would 
include HPLC analysis or TLC followed by detection of the newly generated peptides using the highly 
sensitive fluorescamine reagent. Cleavage of 125 Mabeled peptides will be discerned by 
autoradiography following separation by polyamide TLC using several solvents. 

Many of the assays and conditions detailed in the Preliminary Studies Section for measuring 
catalytic activity on gp41 and Ag peptide substrates will be employed to fully define the hydrplytic 
properties of the isolated anti-transition state antibodies. As described, a comparison will be made 
with the uncatalyzed reaction run under identical conditions. At this- stage, however, some very 
important controls will be run. First we will ensure that catalytic antibody activity is completely 
blocked by the appropriate transition state peptide. This non-cleavable "inhibitor" should bind much 
more tightly to the antibody combining sites and thereby prevent substrate binding or cleavage. 
Substrate specificity will be further established by showing no cleavage of a sham gp41 and AJ5 
peptides having a different amino acid sequence. The products of hydrolysis will be fully characterized 
by HPLC. amino acid and mass spectral analysis. Control antibodies that are not directed against the 
rransition state analog ELDKWA or AJ3 peptides will be tested and are expected to produce no 
i:aialysis. Catalytic activity will be shown to reside in the purified Fab fragments of the anti-transition 
state antibodies. 

A kinetic analysis of the catalyzed reaction will be performed by measuring the initial rates of 
hydrolysis as a function of substrate concentration. Data will be analyzed on a Lineweaver-Burke 
plot so that it can be confirmed that the reaction follows classical Michaelis-Menten kinetics. A rate 
acceleration for hydrolysis will be calculated by the ratio of kcat/kuncat. The reaction will also be run 
for an extended length of time to demonstrate catalytic turnover. 

In addition to demonstrating binding to and cleavage of soluble AJ3 peptides, we will also 
explore the effect of the purified catalytic anti-AJ3 antibodies on insoluble AJ3 precipitates (23, 24). 
These AC aggregates form spontaneously in vitro and closely mimic the amyloid plaques found in the 
brain of Alzheimer's patients. A highly active catalytic antibody might destroy insoluble AJ5 plaques 
by hydrolytically cleaving the constituent aggregated peptides. Moreover, if insoluble peptide is in 
equilibrium with a low level of soluble AJ3. then a catalytic anti-A)3 antibody could cleave the soluble 
component, upset this balance and gradually dissolve the precipitate. These interesting possibilities 
will be tested since AJ3 precipitates can be easily formed and measured in vitro (8, 9). 

Identification of catalytic anti-A£ antibodies with the capacity to dissolve A£ aggregates will 
be performed using a radioactive solubilization assay. We have set up this radioactive test as a quick 
way to screen the different monoclonal antibodies produced in our laboratory for an ability to 
dissolve preformed A£ aggregates. After adding 125 I-A£ to unlabeled soluble peptide, aggregates were 
formed by bringing the solution to pH 5 or by stirring it overnight in PBS. An aliquot of this labeled 
aggregate will be incubated for lhr with either PBS, the catalytic anti-AJ3 antibody or an equal 
amount of an irrelevant mouse antibody. After centrifugation. the level of radioactivity in the 
precipitate versus the supernatant will be measured to calculate the percent of A3 solubilized. 

Since the catalytic anti-gp41 antibodies are projected for eventual clinical usage, it will be 
important to demonstrate their reactivity with trimeric gp41 domains and whole HIV particles. Two 
gp41 ectodomain peptides, N-51 and C-43 will be synthesized using automated Fmoc chemistry. 
These peptides will be mixed to form a stable, alpha-helical trimer of heterodimers which is believed to 
be the core of the fusion-competent state of the HIV envelope (39). We will validate trimer formation 
by analytical ultracentifugation at our in-house physical biochemistry facility at BBRI. The ELDKW 
epitope is located at the carboxyl terminus of the C-43 part of this complex. Antibody binding to this 
34 kDa trimeric complex versus the 6 kDa C-43 monomer will be tested by ELISA, immunoblot assay 
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and by co-migration on gel electrophoresis. Reduced temperatures may be required to limit catalytic 
cleavage of the epitope. It will be interesting to determine if antibody binding/cleavage affects complex 
stability or formation. 

Recognition of oligomeric forms of gp41 by our antibodies will also be assayed by immunoblot 
analysis of PAGE-separated viral complexes prepared by boiling viral lysates in the presence of low 
SDS concentrations (69). Binding of anti-ELDKWA transition state monoclonal antibodies to whole 
HIV particles will also be assayed by ELISA. This system uses sucrose density isolated virus, (-10 11 
particles/ml) from Advanced Biotechnology, captured onto plates using an anti-gp 120 antibody (43). 

A cytofluorographic (FACS) assay will be used to test for the specific attachment of anti- 
ELDKWA transition state antibodies to budding HIV particles on the surface of 8E5 cells which 
constitutively express a non-infective form of HIV. There is a complete in-house FACS facility at BBRI 
and we have many years experience using this methodology. 

In addition to testing binding to and cleavage of the ELDKWA peptide, we will evaluate if the 
antibodies display comparable activity with the 34 kDa trimeric complex of N-51 and C-43 which may 
be the core of the fusion-competent state of the HIV envelope (39). C-43 will be labeled with 125 I at 
its single tyrosine residue and a complex with N-51 will then be formed. This radiolabeled complex 
will be incubated with the catalytic antibody for different time intervals, the reaction will be stopped 
and then the protein will be separated by size using SDS PAGE. The gel will then be analyzed by 
autoradiography using a phosphoimaging system. Catalytic antibody-treated reaction mixtures 
should yield a faster migrating band in dilferent proportions dependent on incubation time. 

The catalytic antibodies will also be tested for effects on whole HIV-1 particles both free and 
on the surface of cells. Sucrose density isolated virus (~10 n particles/ml) can be obtained from 
Advanced Biotechnologies. Human 8E5 cells produce high level of non-infectious HIV particles that 
bud into the medium from their membrane (64. 65) and will therefore provide a good source of both 
free a nd cell-bound virus for evaluating the action of catalytic antibodies. Size differences resulting 
from cleavage will be monitored by immunoblotting SDS PAGE separated fragments using appropriate 
peroxidase-labeled, HIV-specific antibodies as a detection system. We have obtained 8E5 cells, gp41 
peptides, monoclonal anti-gp41 antibodies and many other HIV-related reagents from the AIDS 
Reference Reagent Program. 

Syncytia formation and p24 production assays (64, 65, 70-72) can be used as a measure of 
the biological functioning of HIV. Thus, we can test our hypothesis that catalytic antibodies, by 
permanently cleaving the ELDKWA epitope, should be far superior to conventional anti-ELDKWA 
antibodies for neutralizing HIV infectivity. Exponentially growing CEM-SS cells will be bound to poly- 
L-lysine-coated microtitre wells. The cells will be exposed to -100 syncytium-forming units of 
untreated virus, anti-ELDKWA antibody-treated virus or catalytic anti-ELDKWA antibody-treated 
virus for lh. Following removal of the supernatent, fresh medium will be added and then the plates 
will be incubated for 4 days at 37°C. Viral p24 protein will be quantified (Coulter Source, Inc) on day 
4 using 50^1 of supernatant medium. Syncytia will be enumerated microscopically on day 5. 
Neutralization titres for the various antibodies will be determined by the point of 50% inhibition of 
p24 production or syncytium formation compared to untreated virus. Standard laboratory strains of 
HIV will be used for these assays but exceptional inhibition by a catalytic antibody will be confirmed 
using primary isolates and normal cells as targets (73). We can also obtain virology support to help 
evaluate the effects of our antibodies on HIV inactivation by collaborating with other research groups 
in the field. For example, the appendix contains a letter of support from our collaborators (74-78) in 
the Virology Research Group at Sydney. 
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Time Table for "Novel Transition State Peptide Analog Antigens" 

The major elements of Specific Aim Al (Produce Statine Transition State Peptide 
Analogs of HIV gp41 and Aft) are well underway. Synthesis of a unique statine-based ELDKWA 
transition state analog peptide has already been completed. A series of novel central region AjB 
phenylalanine statine analogs were also synthesized. In addition we have made a series of carboxyl- 
terminal AS statine peptides. Some of the details regarding the characterization of these new statine 
transition state constructs should be finished in Year 1. As the need arises, additional statine 
transition state peptide analogs with modifications placed at alternative target sites in the ELDKWA 
epitope or in the Aft sequence can be synthesized during Years 2-4. 

> 

We have made substantial progress on the major elements of Specific Aim A2 (Produce 
Reduced Peptide Bond Transition State Analogs of HIV gp41 and Aft). Recently we completed 
the synthesis of reduced peptide bond analogs of both the gp41 ELDKWA epitope and A3. Two 
different approaches were taken and analogous chemistry will allow placement of this novel 
modification at any position in a peptide sequence. As the need arises, additional reduced peptide 
bond transition state peptide analogs with modifications placed at alternative target sites in tht 
ELDKWA epitope or in the A3 sequence can be synthesized during Years 2-4. 

Work on the major elements of Specific Aim A3 (Produce Phosphonate or 
Phosphonamidate Analogs of HIV gp41 and Aft) is proceeding smoothly. We have gained 
substantial experience synthesizing both phosphonate and phosphonamidate peptide analogs. A 
phosphonamidate Aft analog has already been made in our lab. The ongoing production of an 
ALDKWA peptide having a tetrahedral phosphonate bond between Alae62 and Leue63 is high 
priority and should also be completed in Year 1. As the need arises, additional phosphonate or 
phosphonamidate transition state peptide analogs with modifications placed at alternative target 
riit.es in the ELDKWA epitope or in the AJ3 sequence can be synthesized during Years 2-4. 

We have begun to generate of some of the monoclonal reagents outlined in Specific Aim A4 
(Elicit Monoclonal Antibodies with the Novel Transition State Analog Peptides). Specific Aim 4 
gets to the heart of the matter and therefore every effort will be made to move these experiments 
forward as quickly as possible. Several different gp41 and A3 transition state analog peptides have 
been coupled to a KLH carrier protein to create antigen vaccines designed to elicit catalytic 
antibodies. These novel antigens have been injected into mice and each has produced a good 
antibody response. A comparative ELISA screening protocol has been developed to detect the most 
promising anti-transition state analog monoclonal antibodies. Sensitive proteolytic assays have been 
devised to screen hybridoma supernatants for catalytic activity. To optimize our chances for 
obtaining the best possible reagents we will examine antibodies elicited by each of the different 
ELDKWA and AJ3 transition state analogs. Multiple hybridoma fusions will be performed using 
different mice immunized with each antigen that we have produced. We already have gained 
considerable experience in producing and analyzing anti-transition state monoclonal antibodies. 
That background should help to expedite this phase of our research. The majority of this monoclonal 
antibody work will be carried out over the course of Years 1-4. 

During this phase we will also fully characterize the catalytic antibodies, their interaction 
with naturally occurring substrates and the composition of the resulting cleavage products. 
Functional assays will also be utilized at this stage. Anti-Aft antibodies will be tested for their ability 
.to dissolve plaque-like Aft aggregates formed in vitro. Antibody-mediated cleavage of whole HIV 
particles will be examined. Outstanding anti-gp41 catalytic antibodies also will be provided to our 
collaborators so that they can be tested for their ability to inhibit viral infection using syncytia 
formation and p24 assays. Most of these studies are expected to be performed in Year 5. This final 
year is also requested to allow us to recognize and solve any unexpected problems which may arise. 
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E. HUMAN SUBJECTS None 



F. VERTEBRATE ANIMALS 

The BBRI-ERI Joint Animal Facilities conform to Federal Guidelines (Guide for the Care 
and Use of Laboratory Animals! and has NIH approval (Sept. 1991 -Jan. 1996). The Animal 
Care and Use Committee reviews all protocols annually. 

Balb/c mice, 6-10 weeks old are the animals which will be used for this project. 
Approximately 100 Balb/c mice will be used in the first 12-month period. The Balb/c mice are 
required for the generation of catalytic anti-gp41 and catalytic anti-A£ monoclonal 
antibodies and for ascites production, which are an ongoing needs for this research. The 
restraining holders used during injections are cpmfortable for the animals and not overly 
restrictive. 

Inhalation of carbon dioxide is the method of euthanasia which will be used. This 
method is consistent with recommendations of the Panel on Euthanasia of the American 
Veterinary Medical Association. 

Veterinary and diagnostic services are provided by the Tufts University School of 
Veterinary Medicine in Jamaica Plain, Massachusetts through contract with the Angell 
Memorial Hospital, Robert Hopkins, DVM. 

The principal investigator, laboratory personnel, and animal technicians involved in 
the proposed research have had instruction or have demonstrated their competence in the 
care, use and handling of laboratory animals. We give assurance of humane practice in 
animal maintenance and experimentation; and we subscribe to the concept of using every 
acceptable method in the performance of this project to minimize the use of animals and to 
prevent animal distress. 
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(This application is to extend a funded grant beyond its current project period.) D Yes. If "Ye$ X __] Not previously reported 



SUPPLEMENT to grant number 

(This application is for additional funds to supplement a currently funded grant.) 

CHANGE of principal investigator/program director. 

Name of former principal investigator/program director: 



FOREIGN application or significant foreign component. 



1. ASSURANCES/CERTIFICATIONS 

The following assurances/certifications are made and verified by the signa- 
ture of the Official Signing for Applicant Organization on the Face Page of 
the application. Descriptions of individual assurances/certifications begin on 
page 27 of Section HI. If unable to certify compliance where applicable, 
provide an explanation and place it after this page. 



♦Human Subjects; ♦Vertebrate Animals; •Debarment and Suspension; •Drug- 
Free Workplace (applicable to new [Type 1]or revised [Type 1) applications 
only) ; •Lobbying; •Delinquent Federal Debt; *Research Misconduct; •Civil 
Rights (Form HHS 441 or HHS 690); •Handicapped Individuals (Form HHS 
641 or HHS 690); »Sex Discrimination (Form HHS 639-A or HHS 690); *Age 
Discrimination (Form HHS 680 or HHS 690); -Financial Conflict of Interest. 



2. PROGRAM INCOME (See instructions, page 20.) 

All applications must indicate whether program income is anticipated during the period(s) for which grant support is requested. If program income is 



Budget Period 


Anticipated Amount 


Source(s) 









3. INDIRECT COSTS 
Indicate the applicant organization's most recent indirect cost rate estab- 
lished with the appropriate DHHS Regional Office, or, in the case of forprofit 
organizations, the rate established with the appropriate PHS Agency Cost 
Advisory Office. If the applicant organization is in the process of initially 
developing or renegotiating a rate, or has established a rate with another 
Federal agency, it should, immediately upon notification that an award will be 
made, develop a tentative indirect cost rate proposal. This is to be based on 

[Xj DHHS Agreement dated: _ January 27. 1998 

DHHS Agreement being negotiated with 



□ 



No DHHS Agreement, but rates established with_ 



its most recently completed fiscal year in accordance with the principles set 
forth in the pertinent DHHS Guide for Establishing Indirect Cost Rates, and 
submitted to the appropriate DHHS Regional Office or PHS Agency Cost 
Advisory Office. Indirect costs will not be paid on foreign grants, construction 
grants, grants to Federal organizations, grants to individuals, and conference 
grants. Follow any additional instructions provided for Research Career 
Awards, Institutional National Research Service Awards, and specialized 
grant applications. 



No Indirect Costs Requested 

Regional Office 

Date 



CALCULATION* (The enUre grant application, including the Checklist, will be reproduced and provided to peer reviewers as confidential information. 
Supplying tfie following information on indirect costs is optional for forprofit organizations.) 

Amount of base $ — 1 37,851 x Rate app | jed 



a. Initial budget period: 



92 



% = Indirect Costs (1) 



a 126,823 

b. Entire proposed project period: Amount of base $ 746,646 x Rate app | jed 92 o /o _ )ndirect Costs (2 ) $ 686,91 4 

(1) Add to total direct costs from form page 4 and enter new total on Face Page, Item 7b. 

(2) Add to total direct costs from form page 5 and enter new total on Face Page, Item 8b. 
"Check appropriate box(es); 

[Xj Salary and wages base Q Modified total direct cost base Other base (Explain) 

Off-site, other special rate, or more than one rate involved (Explain ) 
Explanation (Attach separate sheet, if necessary.): 

4. SMOKE-FREE WORKPLACE ~~ " " 

Does your organization currently provide a smoke-free workplace and/or promote the nonuse of tobacco products or have plans to do so? 
(XJ Yes □ N0 (The response to this question has no impact on the review or funding of this application.) 
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Boston Biomedical Research Institute 
Pcotide Synthesis Requisition Form 
A.3I 431A. Synthesizer 



Please comclete the follov^ag zoczs. and submit it to Anna WOQg :or each, 
ceodde to be synthesized. 



lQ^eset£H_:or Name: : — 



Sec lie rice . _( use 3 le::er cade ):■ . 



-COOH 



The A r r>»Ti f> Acids in. stock, arc: 



f V 



r-dOC-L-Ais. 
F=oc-L-Arg(?=c) 
F— cc-A£-(Trc) 



F=GC-L-Ser(c3u) 



Fcaoc-C-lB(Trc).. irczac-L-Lcu _ 

-L-G-a(Cc5a) F~ac-L-Lys(3cc) F=c-c-L-iar(c^ a) 

F^oc-C-Lv F=oc-L-Mci Fccc-wr? _ 

-soc-L-CvsfTrt) ' Fmac-L-ILe Fcncc-L-?ra rcac-L-V.l) 



C'aco" £ Resin: Rink Resin. ( A 
Caaose a Scale: . QJlOmmoLe 



iide ) ^ KM? R.esin ( Acid ) 



(far 20 residue, assume 30-90 fa cleavage 

recovery, yields zha^- 150-115 Eg crude ocociac) 




"TLl^mmale 



recevcry, ytelcs arjam 3 



(for 20 residue. assuffii=g 30-90 S cleavage 
w< t 90-^-0 crnde oepcide) 



Do you wane the N-Termmai Fmoc removed? Yes 



A-ddida.nal •■In strac dans, 
v 



Qceracors Comments. 



S25.00 

SL 2,Q0/A-ninc Ac: 
SlQ.GO/Ai^lo Ad 



/-"M _ . ~ ~ P ^ r r r-r a n ^ n n' n a ff Q rT7 tile l ^iH 

L_ iCa r c - C ^ * r*~. 



15 QO 



f M 



t included in this serviced 



B0O0582 



1" 



Page 1 



Date: Thu, Apr 9, 1998 9:25 AM 
Data: pepanal 0-100-09APR98-005 

Sample: Raso 17-mer acetylated 25^ig injected 
Column: C5 analytical 1ml/min 

Buffer A: 0.1% TFA; Buffer B: 0.1%TFA in 99.9% CH3CN 

Gradient: 0-100%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 

Processing File: profile#1 
Method: pepanal 0-100 
Sampling Int: 0.1 Seconds 

Data: 

, / 

i ■ 




Analysis: 


Channel A 










Peak No. 


Time 


Type 


Height(jiV) 


Area(nV-sec) 


Area% 


1 


4.833 


N 


5991 


301853 


1.3.73 


2 


8.685 


N1 


5299 


108289 


0.492 


3 


9.921 


N4 


12235 


1 33552 


0.607 


4 


10.216 


N5 


12034 


121486 


0.552 


5 


10.360 


N6 


13067 


1 1 8242 


0.538 


6 


10.668 


N7 


40475 


296837 


1.351 


7 


10.978 


N8 


15160 


1 94175 


0.883 


8 


1 1.258 


N9 


24391 


203513 


0.926 


9 


1 1 .550 


N10 


6751 


150316 


0.684 


1 0 


12.593 


N12 


1 3337 


101685 


0.462 
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Page 2 

Date: Thu, Apr 9, 1998 9:25 AM 
Data: pepanal 0-100-09APR98-005 



Analysis: Channel A 



r caK INO. 


Time 


Type 


neignmi v ) 


Area(p.V-sec) 


ArAA O/ 

Area h 


1 1 


13.285 


N1 


18399 


203576 


0.926 


1 2 


13.483 


N2 


15886 


1 89637 


0.863 


1 3 


13.853 


N3 


135926 


135761 1 


6.179 


1 4 


14.181 


N4 


816316 


10999738 


50.069 


1 5 


14.533 


N5 


1 88584 


21 87892 


9.959 


16 


1 4.786 


N6 


161526 


1543324 


7.025 


1 7 


14.975 


N7 


67265 


817543 


3.721 


1 8 


1 5.263 


N8 


67365 


1 1 50360 


5.236 


1 9 


1 5.835 


N9 


50784 


751.768 


3.421 


20 


16.120 


N10 


20463 


1 97003 


0.896 


21 


16.326 


N1 1 


22661 


273588 


1 .245 


22 


16.696 


N12 


8780 


1 1 1649 


0.508 


23 


17.016 


N13 


18891 


1 83284 


0.834 


24 


1 7.353 


N14 


9565 


1 35223 


0.615 


25 


18.431 


N15 


4161 


1 36780 


0.622 


Total Area 








21968924 


99.987 
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Date: Thu, Apr 9, 1998 8:49 AM 
Data: pepanal 0-100-09APR98-004 



Sample: Raso 17-mer unacetylated 25jxg injected 
Column: C5 analytical 1ml/min 

Buffer A: 0.1% TFA; Buffer B: 0.1%TFA in 99.9% CH3CN 

Gradient: 0-100%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1,0 AUFS 

Processing File: profile#1 
Method: pepanal 0-100 
Sampling Int: 0.1 Seconds 



Data: 





0.0 

Analysis: 



Channel A 



20.0 



Peak No. 



Time 



Type 



Height(nV) 



Area(jiV-sec) 



Area% 



2 
3 
4 
5 
6 
7 
8 
9 
1 0 



10.673 
13.088 
13.285 
1 3.815 
14.166 
14.466 
14.970 
15.241 
15.381 
1 5.773 



N7 

N3 

N4 

N5 

N6 

N7 

N8 

N9 

N10 

N11 



16653 
10678 
1 1455 
660099 
188926 
89294 
28986 
42523 
29351 
331 62 



1 33269 
1 63364 
133139 
7324481 
1914334 
1888231 
236050 
544355 
253598 
506888 



0.975 
1.195 
0.974 
53.586 
14.005 
13.814 
1 .726 
3.982 
1 .855 
3.708 
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Date: Thu, Apr 9, 1998 8:49 AM 
Data: pepanal 0-100-09APR98-004 

Analysis: Channel A 



Peak No. 


Time 


Type., 


Height(fiV) 


Area(n.V-sec) 


Area% 


1 1 


16.100 


N12 


14828 


139119 


1 .017 


1 2 


1 6.306 


N13 


16033 


182751 


1 .337 


1 3 


16.996 


N15 


13680 


131388 


0.961 


1 4 


17.335 


N16 


8976 


1 17539 


0.859 


Total Area 








13668506 


99.994 
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Boston- Biomedical • Research Institute a . \~ C 

Peptide Synthesis Requisition Form /•] L l~ " \ 

ABI 451A. Synthesizer . / ? 

Please camp lace eke folio wiag form and subrak ic E0 . Ana* Woag. for each 
peptide co be syEche^sized. . . 3 

■■■■ Jygpafgsan-E: ; , /• ., •'■f/' 

~ ~ : ' \h;J ^ r , 

_ Sequence . £ use 3 le::er cade ): ^ 1 



"~ " ■ . . _ _ _ a 



-COOH / 



. ""|nc Amkid ; Acid's is.' stack arc: • • . K*- 

^aaae^Afe .. v. v ,,|Eacr<5 r l i aXXs^, ' . Feoc-L-Lcu Faa c-L.-S «c€ c-1 a) ¥ r 7"T C ife" V " ■ 

£2iac-L-A?|(.?=:=.> .-=cs-L-Gl!i(G>3a} FatQe-L^lv'^Sets)- .--FsSac-L-TafCeStt) V 1 

£=cc-A-(:::) Fsioc-GLy Fsqc-L-Mcc Fmac -L-Teo 7 _ _ J^fj* 

• £=oc-L-Asp(Oe3u) FsoG-L-ais(Trc) F=o.c-L-? h.e Fciac-L-Tv^fc3u) x \) ' 

rmoc-L-Cys(Trc) • t-aiac-L-IIe Faac-L-Pro raoc-L-Val) 

■Choose a Resin: Rink Resia'C' Amide ) ZZ_ M'EF* E^iin, (Acid. ) ^ — : _ 



Cfeoo-se a Scale: 0.10omole. (fax 20 re-sMae, sa-9015 cleavage 

recovery, yie-l'ds abatis mf. csude peptide) 

. . X}.25cn£Elole ^ (for 2Q residue, * ^m ; SOMJO^ cleavage 

_ ■ rcccvir/, yields abaec 3SQ-44Q tag e-radc peptide) 

Bo. yatt want the: -Terminal Ibiog removed?" Yss. X Me _ 



Mfbtf iajajU. / ... ... >■ - .: . ... r . / • , / . 

Operators Commencs ^iA^A. tl>'- yoiaveX H> AJLUltt (hsrst- ' > 

Fees: See-Up Charge S15.00 f\[^t- 

' 0JL5Etmole Scale SIZ-OO/Asiuia Acid / * 

0. lG^cie: Scale S 10.00/ Ainiao Acid ^ y^y ^- 

Cleavage cf tie. peptide from the resin 
is not included in this siervicel!'. 
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, A $ \4 //* fi'i - 

Boston Biomedical • Research institute: ^ i — "fT 

Peptide Synthesis Requisition Form Ix I /f ' ! 
ABI 431 A'. Synthesiser ..' . ' V 



Please caraalaea die folio wieg fans .cad submit-, it' co AaEa Woa-c- far eaeh 

peptide to: be synthesized. • ° 

Da:e 12-2-°% I fj ^ 

Iavesti-acor Name: V £ ° M ^ ' 3 f * 



£3 

Deaartmeac: 



* Sequence _( use 3 lectsr cade ):.'.. • ; 

• ■ . . ■ - CO Off \ ^ 

•Tec Ayiia'' -'A'eid-s.' in' scoefi:- arc: \ "' v - : .\. . .i'i^^^f'*'' 1 ^ 

FEEQe-E^Aia ;•• ;•• Foioe-G tn(Trc). *' . ^EnfeL^Loic '/ \ Psoc-L-Scr(cB-u) v^^^O^ 

£=iac-L^ArgCFsc)' Fzzcc-L~GIii{Oi3ti} ' F£kQ'e-L-]Ly:s(3 : a3:> Fnac-L-Thr(cBu.) " ' . 

£=cc-As-( * r&) Fsoc-GLy Fsoc-L-Mcc Fsac-L-Tru 

rsae-L-Asp(0-e3u) Fiz:oc-L-H:s(7r:) F^oc-L-?hc Fsuac-L-TyV(.e3u) x 

rcnac-L-Cys(Trc) ' Fmoc-L-rie Faoc-L-Pro Fnac-L- Val) , 

GM^. -a; §"e&lg r f Q.IQ-omO'k-. . . ' ■ "(for 20 .E&sMfceV'- ^mia;- gQ^9Q<=& eicava^'- ' ' ' : ' 

• . -^r^'-^ : y ' . " ' - /' 1 

. .' " 'T).25£BEOle A* (for 20 E«tdfcev a^;dsiiag SQ:-9'0.4§. cleavage 

rcc-svsr/-,. yisids aboiK 390-4^0-; Eat§ : . erafe ocsefdc) 



Fee,s:S6:-L'3 Change Sl5. 

• ,0J15EEisoU Scale. -SliQQ/AsiHiG Acid 
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SynthAssisf 

Peptide Synthesis 



Report type : 



File name: 



Sequence 

12/9/98 @ 12:34 PM 



Sequence editor: 
Sequence 

Comments 



: Ala-Glu-Asp-Val-Gly-Cys- [NH2] 

: Vic Raso 

MBHA Rink resin 0.25mmole 
N Terminal deprotect 
No DCM/MeOH washes 



Disulfide Bonds:. 0 
Chemistry : Fmoc 



Composition: 
Sequence 



[H] -Ala-Glu-Asp-Val-Gly-Cys- [NH2 ] 



Composition 


: C22 


H37 


N7 010 SI 


Weight 


: 591 


6421 




C-Terminal 


: NH2 






N-Terminal 


: H . 






# of Residues 


6 






AA List 


AA 




Count 




Ala 




1 




Asp 




1 




Cys 




1 




Glu 




1 




Gly 




1 




Val 




1 


Calculations : 








(Calculation not updated)- 





SynthAssist™ Software VI. 0.0 Applied Biosystema, Inc © 1991 All 
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Boston' Biomedical Research- Institute. . 
Peptide Synthesis Requisition- Form 
' : - ABI 431 A Synthesizer . •' 

■ • -Please complete the following form. and submit to Gina Pagani for each peptide to be ■ 
: .synthesized. ; 

Date: Iff ?l -/ \ ? < . " ,/. : ' 

•>vinv/pghgatnr:. u ! , : _ txt n - - 

'. \ . e p artm e n t" : . — — — - room : #: — : 



Peptide Name:_ 




Sequence ■-. (please use one letter code and. print- clearly): . - , ^ , ~ 

\/./y-<;- M-K- fir- A-T- J- fr-l-M-V-fr-fr-V-V-l-A -cooh 

The amino acids kept in stock are: 

Ala .A' Cys.:.....C His'...*::.,H . Met:.;.:..M : Thr:.-......T 

Arg.......R Gin.. Q He...... ...I Phe F . Trp.......W , - 

Asn N Glu E Leu. .L Pro,......P ■ Tyr.......Y; 

..- . Asp...„..D . • Gly.......G ' '■ Lys K S Ser :>S . VaL:.::...V': 

Choose a rasin: G 'Rir^ArRjde Resin \ • ; S3 ■" HMP Acid Resin, ' ; 

Choose a scale: ..' '. 0 ^O^mrndie - for. 20 residues,, yields about. 390-440 mg 
''\'"r%-: ■ ) ",' . crude pep^de, assuming 80-9.0% cleavage recovery. , . '■ -.. 

•". v ' .C3('' ;: '"0'..1 0 ; ';rnmdle^*>for. ; 2Q residues, yields about 150-175 ring ^ 
.- v- "' . crude peptide, assuming 80-90% cleavage recovery • r 

. ■ Re'mbval of N-Terminal Fmoc Group: ' Yes !S , No C3 ■ 

■' •■• tV ^-^' ■souf ^t- ill- \\o FMA — my co . ^ ^ 




Fees for non-BBRI research projects: Set : up Charge S25.00 

0.25 rr.mole Scale S1 2.00/amino ■ acid 

0.10 mmole Scale SlO.OO/amino acid 

5< Cleavage of peptide from resin not inciuded. 
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.-. Boston Biomedical Research Institute 
Peptide. Synthesis Requisition Form 
ABI 431 A Synthesizer 

Please complete the. following form and submit to-Gina Pagani for each' peptide to be 
synthesized. 

'lnu.«rtq a fnr- l/l^ & (T Ext #: > 1> ' 

Department: - : . room #: 



Peptide Name : A^ I ~H@ 

Sequence (please use one letter code and print clearly): 





- C 


- hi - 






The amino acids kept in stock are: 






Ala....:.. .A Cys 


C 


His 


H Met M 


Thr T 


Arg R Gin..... 


Q 


lie 


I Phe F 


Trp W 


Asn N Glu 


E 


Leu 


L Pro P. 


Tyr Y 


Asd D G!y 


G 


Lys. 


K Ser.......S 


Val V 


Choose a resin: 


□ 


Rink- Amide Resin 53 . 


HMP Acid Resin 


Chcose a scale: 




0.25 airhole - for 20 residues, 'yields about 390-440 mg 






crude peptide, assuming 80-90% cleavage recovery. 




n 


0.10 


mmole - for 20 residues, yields about 150-175 mg 



crude peptide, assuming 80-90% cleavage recovery. 

Removai'of N-Terminal Fmoc Group: ; Yes No 

Additional Instructions: 



Operator's Comments: , I £ CrV\ 1K v- ' £ ^ ^ ' \ y ' V -^/i^ fc*- U <:ia« k 



Fees for non-BBRI research projects: Set-up Charge 525.00 

0.25 mmole Scale S.1 2.00/amino acid 

0.10 mmole Scale SlO.OO/amino acid 

^Cleavage cf peptide from resin not included. 
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Boston Biomedical Research Institute 
Peptide Synthesis Requisition Form 
A3I 451A. Synthesizer 



Please conaplece the following form and subnaic i: zo Anna Wong for each 
u'eocide co be synthesized, 

_^ / I f (J A 

U£:e 

lavesdgacor Name: 
Deoarimenc: 



Sequerice _( use 3 le::er code ): . 

Au- Th ir - . 



-COOH 



■The Arnr n o Acids in scock arc: * 

Fcnoc-L-.AIa Fcioc -Gln(Trc) Fcnoc-L-Leu Fmoc-L-Ser(c3u) 

?^:oC'L-A.rg(?-c) Frzcc-L-Gln(GL5a} Fa.ac-L-Lys(3 cc) Fczac-L-7hr(c3 u) 

Frncc-A£-(Trc:) F~iac-Gly Fmcc-L-Mcc Fmac-L-Trp 

Fdac-L-A5p(Oc5n) Fciao'L-HIsCTrc) 5ncc-L-?Qe Fsac-L-Tyr(c3u) y 

F^LOc-L-Cys(Trc) • Fmcc-L-Ile Fmoc-L-Pra Fnac-L- Val) 



Choose a Resin: Rinlc Resin ( Amide ) KM? Resin ( A.cid ) 



Choose: a. Scale: O.lOramoIe (far 20 residue, assuming 80-90^ cleavage 

recover/, yields abouc 150-L75 mg crude pepdec) 

*X).2-5mjaiole X (far 2Q residue, assv^vrg 80-90S cleavage 
zzzcrzr/, yields abatic SSQ-^-Q ing crude peeddc) 

V 

U Y U U YT L LlJ.e L \ ~ 1 UUilAi J*. IX— v- i. w.** w V t;^ - i ^9 / - - ■ - 



AAdivLoml -Easrruc clous. 



0 o eracors Co ca-zxeucs 



Fees:Se:-U? Chsrge S25.00 

OJZicmaoLe Scale S 12.00/. * t'- o Acid 

0 10---!.° Scnis S 10.00/^ rni-rro Acid 

CIe3.v3.gs c f tie . psocide from the rosin 

is cot included in this service!" 
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ABI MODEL 431A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: V j / 0 a ■ ^ rC~& 

RESIN: /M/Y /£c*-c'^ *" # 
OPERATOR: 

RON EDITOR: 

Cy: 1 Rpt: 1 U- hefffgheff fg 
Cy: 2 Rpt: 9 M: BADEFG 
Cy: 11 Rpt: 1 M: bdc 

ADD TIME HOLD CYCLE : 0 
RESIN SAMPLES: No 



SVENTS 


LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP 


SEC REM 


synthesis begun 


04/09/98 


10:49 


1 


1 


1 


10 


3arcode 


read 


Thr 


04/09/98 


10: 49 


1 


1 


2 


9 


3arcode 


read 


Spl 


04/09/98 


12: 29 


1 


7 


•y 


9 


Barcode 


read 


Ala 


04/09/98 


14: 14 


2 


2 


1 


9 


Jarcode 


read 


He 


04/09/98 


15:08 


'3 


O 
til 


1 


9 


Jarcode 


read 


Val 


04/09/98 


16: 02 


4 


2 


1 


9 ' . 


Jarcode 


read 


Val 


04/09/93 


16: 56 


5 


2 


1 


9 


Jarcode 


read 


Gly 


04/09/98 


17: 50 


6 


o 


1 


9 


Jar code 


read 


Gly 


04/09/98 


18: 44 


7 


2 


1 


9 


Jarcode 


read 


Val 


04/09/98 


19: 39 


8 


2 


1 


9 


Jarcode 


read 


Met 


04/09/98 


20: 3.3 


9 


2 


1 


9 


Jarcode 


read 


Tyr 


04/09/98 


21: 27 


10 


2 


1 


9 
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Date: Tue, Apr 14, 1998 3:02 PM 
Data: pepanal 0-1 00-1 4APR98-004 

Sample: V. Raso 10mer peptide 25jxg injected 
Column: C8 analytical 1ml/min 

Buffer A: 0.1% TFA; Buffer B: 0.1%TFA in 99.9% CH3CN 

Gradient: 0-100%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 

Processing File: profile#2 
Method: pepanal 0-100 
Sampling Int: 0.1 Seconds 

Data: 



CD 

CD 
CO 



CD 



CO 
00 
CO 

IX) 



t 1 1 r 



0.0 

Analysis: 



Channel A 



20.0 



Peak No. 


Time 


Type 


Height(jiV) 


Area(fiV-sec) 


Area% 


1 


5.383 


N 


3484 , 


545738 


15.148 


2 


11.490 


N2 


20948 


217149 


6.027 


3 


12.530 


N5 


22777 


1 68299 


4.671 


4 


12.831 


N6 


14168 


1 14393 


3.175 


5 


12.985 


N7 


17124 


231470 


6.425 


6 


13.616 


. N8 


270268 


2325480 


64.551 


Total Area 








3602529 


99.997 
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ABI MODEL 43 1A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: 



RESIN: £^ ia^A /-^l^^. - V I 



OPERATOR: 




RON EDITOR: 

Cy: 1 Rpt: 1 M: dd 

Cy: 2 Rpt: 17 M: BADEFG 

Cy: 19 Rpt: 1 M: bdc 

ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: No 



EVENTS 


LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP SEC 


REM 


S7nthesis begun 


04/03/98 


10:31 


1 


1 


1 


1 


Barcode 


read 


Gly 


04/03/98 


10:49 


2 


2 


1 


9 


Barcode 


read 


Val 


04/03/98 


11:42 


3 


2 


1 


9 


Barcode 


read 


Asp 


04/03/98 


12:36 


4 


2 


1 


9 


Barcode 


read 


Glu 


04/03/98 


13:30 


5 


2 


1 


9 


Barcode 


read 


Ala 


04/03/98 


14:24 


6 


2 


1 


9 


Barcode 


read 


Phe 


04/03/98 


15:19 


7 


2 


1 


9 


Barcode 


read 


Phe 


04/03/98 


16:13 


8 


2 


1 


9 


Barcode 


read 


Val 


04/03/98 


17:07 


9 


2 


1 


9 


Barcode 


read 


Leu 


04/03/98 


18:01 


10 


2 


1 


9 


Barcode 


read 


Lys 


04/03/98 


18:56 


11 


2 


1 


9 


Barcode 


read 


Gin 


04/03/98 


19: 50 


12 


2 


1 


9 
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Barcode read 


His 


04/03/98 


20 . 


44 


1 0 


•J 
c* 


1 


U 
J7 


Barcode read 


His 


04/03/98 


21 - 


Q Q 




O 


1 
-L 


Q 


Barcode read 


Val 


04/03/98 


22 • 


OO 


.10 


9 
c> 


1 
1 


Q 


Barcode read 


Glu 


04/03/98 


O Q • 

2o - 


£ o 


1 o 


9 


1 


q 


Barcode read 


Tyr 


04/04/98 


HA • 
UU • 




1 7 


9 


1 
1 


Q 


Barcode read 


Cys 


04/04/98 


01 : 


1 / 


1 Q 
1 O 




1 
1 


Q 


Synthesis complete 


04/04/98 


02: 


42 


19 


3 


49 


0 
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Date: Thu, Apr 9, 1998 9:25 AM 
Data: pepanal 0-100-09APR98-005 

Sample: Raso 17-mer acetylated 25|ig injected 
Column: C5 analytical 1ml/min 

Buffer A: 0.1% TFA; Buffer B: 0.1%TFA in 99.9% CH3CN 

Gradient: 0-100%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 

Processing File: profile#1 
Method: pepanal 0-100 
Sampling Int: 0.1 Seconds 

Data: 





-i 1 1 1 1 1 r 



0.0 



20.0 



Analysis: 


Channel A 










Peak No. 


Time 


Type 


Height(fiV) 


Area(nV-sec) 


Area% 


1 


4.833 


N 


5991 


301853 


1 .373 


2 


8.685 


N1 


52 9 9 


108289 


0.492 


3 


9.921 


N4 


12235 


133552 


0.607 


4 


10.216 


N5 


12034 


121486 


0.552 


5 


10.360 


N6 


13067 


118242 


0.538 


6 


10.668 


N7 


40475 


296837 


1 .351 


7 


10.978 


N8 


151 60 


194175 


0.883 


8 


11.258 


N9 


24391 


203513 


0.926 


9 


11.550 


N10 


6751 


150316 


0.684 


1 0 


12.593 


N12 


13337 


101685 


0.462 



BOO 1679 



Page 2 



Date: Thu, Apr 9, 1998 9:25 AM 
Data: pepanal 0-100-09APR98-005 



Analysis: 


Channel A 












Time 


iype 




A rpfl ( 1 1 V-Qpr^ 
ni caiu v ouo i 


/VI o cx /o 


1 1 


13.285 


N1 


18399 


203576 


0.926 


1 2 


13.483 


N2 


15886 


189637 


0.863 


1 3 


13.853 


N3 


135926 


135761 1 


6.179 


1 4 


14.181 


N4 


816316 


10999738 


50.069 


1 5 


14.533 


N5 


188584 


2187892 


9.959 


1 6 


14.786 


N6 


161526 


1543324 


7.025 


1 7 


14.975 


N7 


67265 


817543 


3.721 


1 8 


15.263 


N8 


67365 


1 150360 


5.236 


1 9 


15.835 


N9 


50784 


751 768 


3.421 


20 


16.120 


N10 


20463 


197003 


0.896 


21 


16.326 


N11 


22661 


273588 


1.245 


22 


16.696 


N12 


8780 


111649 


0.508 


23 


17.016 


N13 


18891 


183284 


0.834 


24 


17.353 


N14 


9565 


135223 


0.615 


25 


18.431 


N15 


4161 


136780 


0.622 


Total Area 








21968924 


99.987 
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Date: Thu, Apr 9, 1998 8:49 AM 
Data: pepanal 0-100-09APR98-004 

Sample: Raso 17-mer unacetylated 25|ig injected 
Column: C5 analytical 1ml/min 

Buffer A: 0.1% TFA; Buffer B: 0.1%TFA in 99.9% CH3CN 

Gradient: 0-100%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 

Processing File: profile#1 
Method: pepanal 0-100 
Sampling Int: 0.1 Seconds 



Data: 





0.0 

Analysis: 



Channel A 



20.0 



Peak No. 



Time 



Type 



Height(|iV) 



Area(jiV-sec) 



Area% 



2 
3 
4 
5 
6 
7 
8 
9 
1 0 



10.673 
13.088 
13.285 
13.815 
14.166 
14.466 
14.970 
15.241 
15.381 
15.773 



N7 

N3 

N4 

N5 

N6 

N7 

N8 

N9 

N10 

N11 



16653 
10678 
1 1455 
660099 
188926 
89294 
28986 
42523 
29351 
331 62 



133269 
163364 
133139 
7324481 
1914334 
1888231 
236050 
544355 
253598 
506888 



0.975 
1.195 
0.974 
53.586 
14.005 
13.814 
1.726 
3.982 
1.855 
3.708 
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Date: Thu, Apr 9, 1998 8:49 AM 
Data: pepanal 0-100-09APR98-004 



Analysis: Channel A 



Peak No. 


Time 


Type 


Height(nV) 


Area(nV-sec) 


Area% 


1 1 


16.100 


N12 


14828 


139119 


1 .017 


1 2 


16.306 


N13 


16033 


182751 


1 .337 


1 3 


16.996 


N15 


13680 


131388 


0.961 


1 4 


17.335 


N16 


8976 


117539 


0.859 


Total Area 








13668506 


99.994 
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SERJ/BBRI ANIMAL CARE AND USE COMMITTEE 
ANNUAL PROTOCOL UPDATE FORM 



Please complete sections A-C . 
A- Study Data 

Principal Investigator. ^ ' c 



Protocol Number: £~ 027-o£c0 



Title of Protocol; /^/ru/^c^^c/ 2 ^ °/ Crises' *b <zu<c£ 
Class of Research (circle one): ^ I II HI IV 



•Original Approval Date: y/29/97 Last Update: 



Total number of animals used (by species) since 7/29/^7 : 

B. Check all previously approved changes and indicate date(s) of approval. 



1. Investigators/Support Staff Change? 


Yes 


A No 


2. Numbers of Animals Change? 


' Yes 


X No 


3. Species of Animals Change? 


Yes 




4. Procedure or Animal Use Change? ^ Yes No 
No amendments to an existing pro toco Lean be made on this form. 



C. Investigators Assurance 



* I certify that all changes in my animal protocol indicated have been approved 
by the SERI/BBRI ACUC Also, I certify that the research proposed in these continuation 
studies does not duplicate, unnecessarily, other research. 



DATE 



PRINCIPAL INVESTIGATOR 

ACUC lfa.Cr.hr-00 not write below this line. i ^ C H E P E N S/ 3 ^ R 1 ACUC 

i . 

Protocol Update Status: Approved ^ Apfreeyed Cone itionally_ 

'ApP : fi w ! v ^-^Ysee attach :ci) 
ACUC 



I ACUC Approval Signature 



APPROVED B 




approval o£t £ ^-Jf-fg 

PROTOCOL * ■ 
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SERI/BBR1 ANIMAL CARE AND USE CQMMITTFF 
PROTOCOL AMENDMENT REQUEST FORM 



/ 

, . : . , , / >y r 

Principal Investigator Vic Raso ; V ; c 

(Signature) 

Protocol #_B 027-0800 - 

Primary Working Investigator Christine Kearney vhjj&h'tfj lvy/!filt( .S 

(Signature)/f 

Protocol Section(s) Requested Variation(s) & Rationale (Explain in Detail) 
to be amended fuse additional sheet if necessary) 

HI. Animal Characteristics: Tlie investigator should stare the required number of animals to be used in the research project. 

Tg 2576 mice (10-50 mice/yr depending on breeding success) which have been breed 
. at our animal facility. 

IV. Species Justification: 

The justification is the same as described in the original protocol. 

VII. Procedures: This section must cleariy reflect how the purpose of the study will he approached. 

I propose to add 0. 1 % KI to the drinking water of the experimental mice to test its effect on the 
biodistribution i25 I-labeled peptides or antibodies (0.1jJ.Ci). This procedure establishes a thyroid blockade which 
caii improve the specific localization of the radioactive probe. The KI will be added to labeled water bottles of 
mice residing in the animal facility or in the laboratory three days prior to the start of the experiment. Those 
animals will then be removed to the investigator's laboratory for treatment with the l25 I-probe and for sufoequ ^:- 
monitoring as previously described. If adding the KI has no effect on the results, the protocol will be 
discontinued. 

The proposed amendmentMiasjBBBB been approved. If not accepted, no J 
animal activities can be initiated without responding to trie issue(s) below. 

The amendment was not accepted for the following reason(s): 

[ ] Too many proposed changes. Requires writing a new protocol. 

[ ] One or more changes in procedure are significant under USDA criteria. 
Requires writing a new protocol.. 

[ ] Points above require clarification. Resubmit with additional clarifying 
information. 



[ ] Other: B001746 




ACUC Chair or Veterinarian /jFrTtft^/^/^ Date 




SER1/BBRI ANIMAL CARE AND USE COMMITTEE 



PROTOCOL AMENDMENT REQUEST FORM 



Date_Feb 25, 1998 

Principal Investigator Vic Raso 

(Signature) 

Protocol #_B 027-0800 ^.0p^ 

Primary Working Investigator Christine KearneyV^?^-^^?,^.^/^ y j 



Protocol Section(s) Requested Variation(s) & Rationale (Explain in Detail) 
to be amended (use additional sheet if necessary) 

. HI. Animal Characteristics: The investigator should state the required number of animals to be used in the research project. 

Tg 2576 mice (10-50 mice/yr depending on breeding success), which have been breed 
at our animal facility. 

IV. Species Justification: 

The justification is the same as described in the original protocol. 

VII. Procedures: This section must clearly reflect how the purpose of the study will be approached. 

The Tg 2576 mice will be injected ip or iv with 125 I-labeled peptides or antibodies (0. lu.Ci) and will be 
kept in disposable cages in the investigators laboratory. Before imaging, the mice will be immobilized by 
injection ip with 0. 15ml of ketamine+xylazine (200mg/kg, lOmg/kg). Animals will be imaged on a molecular 
imager system at lh, 24h, and 48h post injection. At the end of the 48h experiment the mice wii! be euuianaea 
by COl inhalation and stored frozen before disposal as radioactive waste (Harvard Environmental Health and 
Safety)". 



The proposed amendment has/has not been approved. If not accepted, no 
animal activities can be- initiated without responding to the issue(s) below. 

The amendment was set accepted for the following reason(s): 



[ ] Too many proposed changes. Requires writing a new protocol. 

[ ] One or more changes in procedure are significant under USDA criteria. 
Requires writing a new protocol. 

[ ] Points above require clarification.^ Resubmit with additional clarifying 
i n f o rm ati o n . 2 n ° v ^-S/'bBS 

r , ^ , ' v B001748 

[- ] Other: 



ACUC Chair or Veterinarian 




> Date Z ZT 9fr 



ANIMAL CARE AND USE SERI/BBRI COMMITTEE 
ANNUAL PROTOCOL UPDATE FORM 



Please complete sections A-C. 



A. Study Data Protocol Number: B-046-0401 

Principal Investigator: Vic Raso, Ph.D. ; 

Title of Protocol: Production of Monoclonal Antibodies for Treating AIDS and 
Alzheimer's Disease 



Class of Research (circle one 

Original Approval Date: 4/27/98 



ii 



in 



iv 



Last Update: 



Total number of animals used (by species) since: 4/27/98 



\o0 



B. Check all previously approved changes and indicate date(s) of approval. 
1 . Investigators/Support Staff Change? Yes % No 



2. Numbers of Animals Change? 



Yes 



X No 



3. Species of Animals Change? 



Yes * No Rabbit 



4. Procedure or Animal Use Change? 



Yes X No 



No amendments to an existing protocol can be made on this form. 



C. Investigator's Assurance 

I certify that all changes in my animal protocol indicated have been approved 
by the SERI/BBRI ACUC. Also, I certify that the research proposed in these continuation 
studies does not duplicate, unnecessarily, other research. 

3 )iiH 

PRINCIPAL INVESTIGATOR DATE 

ACUC Use Only-Do got write below this line 




Protocol Update Status: Approved 



ApEfpyed Conditionally 



SCHEPENS/BBRI ANIMAL CARE AND USE COMMITTEE 

20 Staniford Street Boston, MA 02114 



DATE: 



5/4/98 



TO: 



Dr. V. Raso 



FROM: 



Andrew Taylor, Ph.D 



RE: 



Production of Monoclonal Antibodies for Treating AIDS 
and Alzheimer's Disease 



Your ACU protocol titled above was reviewed by the ACUC on 3/18/98 and is 
approved. For ordering and future reference, this protocol has been assigned: 

Protocol Number: 
B-04&0401 

Approval Date: 
4/27/98 

Thank you, 




Andrew Taylor, Ph.D., 
Chair, SERI/BBRI ACUC 
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(Revised 4/1/97) 



SCHEPENS/BBRI ANIMAL CARE AND USE PROTOCOL FORM 
(Please Read Directions Before Filling Out Form) 





ACUC USE ONLY 


New Protocol # 


Date of Approval 


Expiration Date of New Protocol 




Old Related Protocol #(s 


Other Principal Investigators 



SECTION A 
Application Data 

Title of Protocol (Not grant title, must indicate procedure) Production of Monoclonal 
Antibodies for Treating AIDS and Alzheimer's Disease 
Principal Investigator Vic Raso 
Primary Working Investigator(s) Vic Raso, 
Technician(s)/S tudent(s),Christine Kearney 

Anticipated Starting Date 3/26/98 SERI/BBRI Telephone Ext. #3 16 

Emergency Contact Person & Telephone # Vic Raso, 734-1405 

Backup Emergency Contact Person & Telephone # Christine Kearney 891-7263 

2. Class of Research: check the appropriate class of experimentation. 

; Class I. XCIass II. Class III. Class IV. 

Tissue Collection Only 

3. Animals 

Species/Strain BALB/c mice Sex Both Age/ Weight 1-18 months Source/ Vendor Bred In Rouse Location of 
Housing Animal Facility #Animals per Experiment -5 #/Animals per year -100 

4. Will the animals need special care e.g. special housing, diet, handling, drug treatment, 
health checks, etc. ? [ X] No [ ] Yes, describe. 



I 



B001753 



2 . ' r ■ 

5. Will the animals be inoculated with biological products (i.e. tumor line, cultured cells, 
supernatants, etc.?) [ ] No [ X ] Yes, describe the source/origin Synthetic peptide antigens 
synthesized at BBRI Hybridoma cells developed at BBRI. 

6. Biohazardous Material. 

Infectious agents Carcinogens Radioisotopes Recombinant DNA Toxic Substances Qther 

Other Synthetic peptide antigens synthesized at BBRI which are unlikely to be biohazardous but extensive 
testing has not been performed on these substances so they will be assumed harzardous. 

SECTION B 

The SERI/BBRI ACUC requires the following information to comply with the Public Health Service (PHS). 
Policy on Humane Care and Use of Laboratory Animals, the ILAR Guide , and the USDA Animal Welfare Act. 
Address each item independently, without reliance on information covered in other sections. Do not submit 
major sections of vour grant proposal or excessive details of assays not related to the use o f animals (e.g. 
biochemical and/or molecular biology assays, in vitro tests) . Define all abbreviations and terms which are not . 
commonly used. 

Since not all reviewers are familiar with your area of research, use laypersons terms when 
providing the following information. 

1. Specific Objectives and Potential Value of the Research. Develop an immunological treatment 
for Alzheimer's disease and AIDS using monoclonal catalytic antibodies. 

2. Dated Assurance that this Study Does Not Duplicate any Previous Studies. An extensive 
literature search performed during the course of writing several NIH grants (1998) has shown that this study 
does not duplicate any previous work. Keywords : alzheimer/antibody, HIV/antibody, catalytic/antibody, 
idiotype/vaccine, catalytic/vaccine, plus various researchers in the field 

3. Describe Possible Alternatives to Animal Use. There are no in vitro alternatives since the protocol 
involves actively immunizing mice to obtain spleenocytes for hybridoma production. Large amounts of purified 
monoclonal antibodies are required so that ascites produced in mice will be the main source. Alternatives to 
animal use are being actively examined. For example, we have obtained flexible gas permeable tissue culture 
bags to test for in vitro antibody production. 
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*4. Species Justification. The B ALB/c mice are compatible with the myeloma cells used for cell fusion and 
are histocompatible with the hybrodoma cells used for ascites production. 

5. Justify Animal Numbers, Five mice, will be used for immunization with each antigen. The actual 
number of immunizations per year will be ~5/year (-25 mice). Five mice will be used for ascites production 
with each selected hybridoma clone, ~15/year (-75 mice). 

6. Procedures. Animals will be immunized (at 1-2 months old) with human B-amyloid peptide or HIV peptide 
antigens by s.c. or i.p. injection in complete Freunds adjuvant (0.2ml). They will be boosted s.q. or i.p. using 
antigen in incomplete adjuvant and/or i.v. using antigen in saline. The animals will be bled from the tail using a 
small cut to the tail vein and antibody levels will be measured. Direct pressure will be used to stop bleeding. 
Typically no anesthesia is used for this procedure and mice are restrained for less then 10 min in a commercial 
mouse holder. The tail vein is nicked with a scalpel blade (cut - 2 mm) and 0.1-0.5 ml blood is collected. The 
mouse usually stops bleeding on its own but direct pressure can be applied using gauze. Bleeding and i.v. 
injections will be performed in the laboratory because we have a set-up that includes a secured restrained a heating 
lamp and a binocular microscope which allow us to carry out the procedure with more accuracy and minimum 
difficulty. The mouse will then be sacrificed using COo and its spleen will be used to create hybridomas. 

For ascites production BALB/c mice will be primed by ip injection of 0.2 ml of pristane and then i 
week later will be injected ip with hybridoma cells. When sufficient ascites has accumulated the mice will be 
tapped using an 18 ga. needle. The mice will be monitored thereafter and tapped approximately once every tv/o 
days. The mice will be tapped 2-3 times or until they show signs of distress, at which point they will be 
euthanized. 

7. Alternatives to Potentially Painful Procedures. At this time there are no proven in vitro techniques 
that can fully substitute for all the uses of the ascites method of monoclonal antibody production. However, 
tecnological, alternatives to animal use are being actively examined. For example, we have obtained flexible gas 
permeable tissue culture bags to test for in vitro antibody production. We will minimize pain and suffering and 
will be vigilant in detecting critical clinical signs when using the ascites method. 

8. Mechanical Restraints. A mouse holder will be used when the animals are injected i.v. or bled 
;<10min). 

). Post-Procedure Clinical Signs, Monitoring and Care of Animals. No surgical proceedures will 
De performed. 

10. Method of Euthanasia or Disposition of Animals. The animals will be sacrificed using COi 



i 
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11. If animals are found dead, are they to be [ ] discarded (investigator will be notified) or 
[ X ] saved for investigator (specify method for preserving and labeling). Preferably refrigerate, but they 
can be stored frozen. 

12- Criteria for Premature Euthanasia of Individual Animals. If the animals appeared overly 
.stressed or sick they will be euthanized. This might include poor appearence, failure to eat or drink and erratic 
or lack of movement. 

SECTION C 

1-. Investigator(s) and Support Staff. 

Vic Raso ? PI. > lOyears experience handling mice and producing monoclonal antibodies (all aspects, 
immunization, hybridoma production, ascites production, etc.) and Christine Kearney, Technician, trained at 
BBRI > lyr. experience handling mice and producing monoclonal antibodies (all aspects, immunization, 
hybridoma production, ascites production, etc.) 
Both of us will perform the studies outlined above. 

2. Key References that Support This Study with Dates (5 Maximum). 

1. Solomon, B. f Koppei, R, Frankel, D., and Hanan-Aharon, E. (1997) Disaggregation 
of Alzheimer beta- amyloid by site-directed mAb. Proceedings of the National Academy of 
Sciences of the United States of America 94(8), 4109-12. 

2. Solomon, B., Koppei R, Hanan, E., and Katzav, T. (1996) Monoclonal antibodies 
inhibit in vitro fibrillar aggregation of the Alzheimer beta-amyloid peptide. Proceedings of 
the NationoL Academy of Sciences of the United States of America 93(1), 452.-5. 

3. Anticipated Funding Source, PHS NIH grant submitted 

4. Status of Grant Application. NIH Application submitted 

SECTION D 

Certification of Principal Investigator. 
Signature certifies that the principal investigator will conduct the project in full compliance with the PHS Policy 
on Humane Care and Use of Laboratory Animals, the EL AR -Guide, the USD A Animal Welfare Act and 
Schepens Eye Research Institute and Boston Biomedical Research Institute policies governing the use of live 
vertebrate animals for research purposes. It is understood that ACUC approval is valid for a maximum 
period of 36 months following the date of original approval. Annual updaces are required. If 
minor changes to the original approved protocol are needed, an Amendment Form requesting the changes must 



4 
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he .submitted to and approved bv the ACTJC chairpers on nr Veterinarian. This includes changes of personnel 
named in' the original protocol. If the protocol is to be discontinued, notice of this should be sent to the ACUC. 

The ACUC requires one (1) original and fifteen (15) copies in order to process the proposal for 
full committee review. Insufficient information will result in return of the protocol for 
completion and could delay the review process. Research on animals submitted in this protocol mav 
not begin until the Schepens/BBRI ACUC has revie wed and approved the proposal. 

Signature Date Position 



SCHEPEi jd/i-^i u ACUC 
APPROVED 

approved &~ &n,<jdiC^ 
approval n/r £ (f-71 -lfT 

I r 30TOCOL 




5 
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SCHEPENS/BBRI ANIMAL CARE AND USE COMMITTEE 

20 Stamford Street Boston, MA 02114 



DATE: March 24, 1998 

TO: VicRaso, PhD 

FROM: Andrew Taylor, ACUC Chair 

RE: Protocol entitled "Production of Monoclonal Antibodies for Treating AIDS and 
Alzheimer's Disease". 

Your ACU protocol received on February 26, 1998 was reviewed by the ACUC on 
March 18, 1998 and was approved with revisions. The following clarifications must be 
addressed in order that approval be granted. Please feel free to consult me if you have 
any questions over the following points. Unfortunately, because of regulations specified 
under the Animal Welfare Act, no animal use under these protocols can be conducted 
until the protocol is approved. Please return an original of the revised protocol >vithin 
one month. 

**It is expected that these procedures will be done in the Animal Facility, If 
not, please justify removing mice from the facility. 

Class of Research r 

Please change class indicated from Class IV to Class II. -7 £ 

Procedures 

Please replace s.q. with s.c. 

Please indicate you will use direct pressure to stop bleeding. 
0.2 is the appropriate dose of pristane. 

How many times or how long will you be tapping mice? When will you 
stop and euthanize mice. 

Alternatives to potentially painful procedures. 

Please use attached statement to formulate your justification. 

If animals are found dead r are they to be discarded? 

Can animals be frozen/ i.e. stored at -20°C storage in the animal facility? 



Lp.l,#2A. 
2.p.3,#6B. 

3. p.3,#7B. 

4. p.3,#llB. 
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5. p.3,#12B. Criteria for Premature Euthanasia of Individual Animals. 

Please state criteria used to determine stress. 



Sincerely, 




Andrew Taylor, PLD 
Chair ACU Committee 
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9/1 2/98 wh, bk « Alz-KLH/CFA 1 0/24/98 same IFA 9/1 3/98 br = KLH control 1 0/24/98 
same IFA 


sick inner ear ?? 


sick killed 12/10/99 


9/1 2/98 = Alz-KLH (was written on cage but not in cell) 1 0/24/98 same IFA 


9/1 3/98 = KLH control (this cell was not marked but cage was marked) 10/24/98 same IFA 


9/12/98 = Alz-KLH 


(this cell had 9/13/98 « KLH control but cage was not marked; cage AA-50 was labeled instead) 


9/1 2/98 « Alz-KLH got same in IFA 1 0/24/98 


9/13/98 «KLH control 10/24/98 same IFA 


DOA 9/1 6/97 2Bk= 5A1 1 1 Br= Control then got Alz-KLH 9/28/98 got same in IFA 1 0/24/98 


DOA 9/1 6/97 1 Br=5Al 1 1 Br= control 1 Bk= control then one kill other Br got Alz-KLH 9/28/98 
got same in IFA 10/24/98 and died a few min later anaphy? rough handling? 


1 sick killed 12/10/99 
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have 1 clean cage with 5 mice 








FUS-KLH (3) 


Alz-TS-KLH (4) 


P04 - TS- KLH (1) 


PS II + RIBI (3) 


A190 in IFA (1) 


Bser (2) 


B 370 (1) 


> 




















Also have 2 mice in fusin cag 








50 ug in CFA 6/28/96 


50 ug in CFA 5/14/96 


200ul in CFA 4/12/96 


see protocol 1/22/96 


SOug.mL in CFA 5/10/95 


25ug in CFA 4/25/95 


50ug i.p. in CFA 7/25/94 


CD 




















e that have not been touched 








!50 ug in IFA 8/7/96 


50 ug in IFA 8/7/96 


200ul in IFA 5/6/96 


see protocol 2/6/96 


boost 40ug/mL in IFA 




40ug ip in IFA 4/28/95 
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SynthAsstf 

Peptide Synthesis 



Report type : 



File name: 



Sequence 

10/24/96 @ 1:39 PM 

Raso lOmer Statine Pep Sec 



Sequence editor: 
Sequence 

Continents 



Cys-Met-Val-Gly-Gly-Va^Va^Ile^Ala-Thr 

V. Raso lOmer 0.25 mmol scale. Cap with 0.45gm benzoic Anhydride 
HMP resin=0.89ramol/gm subst=0 . 281gm. N-Terminal Deprotect. 
V6&V7= O.Bmmol each of Fmoc-Val and Fmoc-Sta (200mg) 
~Tle8 = 0.5mmol each of Ile-Fmoc and Fmoc-Sta (2 OOmg) 



Disulfide Bonds: 
Chemistry 

Composition: 



0 

Fmoc 



Sequence 


[H]- 


Composition 


C40 


Weight 


949 


C-Terminal 


. OH 


N-Terminal 


. H 


# of Residues 


: 10 


AA List 


AA 




Ala 




Cys 




Gly 




He 




Met 




Thr 




Val 



Ll/lle4vla-Thr- [OH] 

&i M 4& 



Count 
1 
1 
2 
1 
1 
1 
3 



Calculations : 

(Calculation not updated) 




1/3.2 



C-/1-0L A 
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Boston Biomedical Research . Institute 
Peptide Synthesis Requisition Form 
ABI 431 A.. Synthesizer 



PLe3.se complete the following form and submit ic za Anna Wong for each 
peoride to be synthesized. 



k 3 



auence ( use 3 letter cade ): . . - <\ / « / . 



-COOH 



The Amino Acids in stock arc: . ■ 

Fcoc-L-AIa Faac-Gln(Trc) Fcoc-L-Leu Fraac-L-Ser(cBu) 

F=.ac-L-Arg(?==) Frc c-L-Gl:i(G c3 a) Fnxac-L-Lys(3ac) F=:oc-L-icj:(cSu) 

-_ — a c-^rr) Psioc-GLv Fsoc-L-Mcc Ftnac-L-Trp 

^sac-L-AiVcOcBu) Fmac-L-HisiT") r=soc-L-?He rsoc-L-TyrCcBiiK 

Faoc-L-Cvs(Trt) ■ Fmac-L-Ile F=oc-L-Pro raac-L-Val) 



Choose" a Resin: 'Rink Resin ( Amide ) EM? Resin ( Acid 

Choose a Scale.: O.lGmmole 



recovery, yields ahauc 150- 
'*U25mmale X ( far 20 





»ng 80-90% 


cica.v2.gc 


crude 


pepcide) 




?.r^ur: 


■Mng 80-90% 


cleavage 


crude 


peptide) 




Yes 


VI No _ 





Additional -.rnsmzcaons. . y ^ ^ g^TZ^ CM^ ff 

^ ■ ; fUd ^ 

Operators _ Commeats_ _^_ r ^ °7 ^ i y: ( 

Fees-S«-Uo Chsrsc S25.00 \^^ r ' 

■ O^mmole Scale S12_00/Amino Acia ^Cjf) 

0 ICmmcle Scale SI 0.00/ Amino Acid ^ 

; ■ , f ^f^ ~ 

Cleavage of the . peptide from the resm U <?0O/^V 

is not included in this service! [1 s» ' ( 
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ABI MOD£L . 431A VERSION 2.00 Fmoc 
, SYNTHESIS REPORT 



SEQUENCE NAME: j/ t £^ J /^^f I f^J*-t <*^? 

RESIN: /frt/* &Z*i-Zrt 2J/<^x 



OPERATOR: . /{/p-*. 




RUN EDITOR: 



Cy: 


1 


Rpt: 


i 


M: 


d 


Cy: 


— i 


Rpt: 


i 


M: 


he-f -f f ghe-f ttg 


Cy: 


3 


Rpt: 


9 


M: 


BADEFG 


Cy: 


12 






M: 


bdc 



ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: No 



EVENTS ! 


LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP 


SEC REM 


byTithssis begun 


10/24/96 


14: 03 


1 


1 


1 


1 


Barcode 


read 


Thr 


10/24/96 


14: 08 


t 

.C- 


1 






Bar cod s 


read 


Sp 1 


1 0/24/96 


15: 48 










Barcode 


read 


Ala 


1: 0/24/9 A 


17: 34 


3 




1 


9 


Barcode 


read 




1 0/24/96 


18 s 28 


4 




1 




Barcode 


read 




10/24/96 


19s 22 


.~j 




1 




Barcode 


read 




1 0/24/ 96 


20: 16 


i- 




1 




Barcode 


r e a d 




1 0/24/96 


2 1 s 1 0 






-i 




Barcode 


read 


G 1 V 


1 0/24/96 


22 : 05 










Barcode 


r e a d 


■ /' ~ 1 


1 0/24/96 


22; 39 










Barcode 


read 


Net 


1 0/24/96 


23 : 53 


1 0 




i 
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Date: Tue, Oct 29, 1996 3:52 PM 
Data: No data saved 

Sample: V. Raso £rrfer 25|ig injected 

Column: C8 analytical 1ml/min 

Buffer A: 0.1% TFA; B: 0.1%TFA in 90% CH3CN, 9.9% water 
Gradient: 0-60%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 

Processing File: profile#1 
Method: pepanal 0-60 
Sampling Int: 0.1 Seconds 

Data: 




t i i i 1 1 1 1 i 1 1 i 1 r 

18.2 



Analysis: 


Channel A 










Peak No. 


Time 


Type 


Height(fiV) 


Area(nV-sec) 


Area% 


1 


1.156 


N1 


495 


250642 


5.122 


2 


8.123 


N2 


735 


1 393453 


28.479 


3 


15.090 


N6 


7931 


147729 


3.019 


4 


15.523 


N8 


35473 


252722 


5.165 


5 


15.728 


N9 


6201 8 


344400 


7.038 


6 


16.045 


N10 


561 14 


420146 


8.587 


7 


16.351 


N11 


95278 


634580 


12.969 


8 


16.506 


N12 


148970 


1 1 31030 


23.1 16 


9 


16.771 


N13 


12512 


170805 


3.490 


1 0 


17.040 


N14 


101 19 


147254 


3.009 
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SynthAssisf 

Peptide Synthesis 



Report type: 



File name: 



Sequence 
12/5/96 @ 11:14 AM 
Raso 14mer 12/5/96 Seq 



Sequence editor: 
Sequence 

Comments 



Disulfide Bonds; 
Chemistry 

Composition : 

Sequence : 

Composition 
Weight 
C-Terminal 
N-Terminal 
# of Residues 
AA List 



Cys-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr- 



[NH2 ] 



V. Raso 14mer 0.25scale 

Rink Resin=0 . 81mmol/gm subst=0 . 308gm 

N-terminal Deprotect 

0 

Fmoc 



[H] -Cys-His-Gln-Lys-Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Tyr- [NH2 ] 



C77 Hill N19 020 SI 

1654^9171 

NH2 

H 

14 

AA Count 

Ala 1 

Asp l 

Cys 1 

Gin l 

Glu 1 
Gly . 1 

His 1 

Leu 1 

Lys 1 

Phe 2 

Tyr 1 

Val 2 



L7- 




75a 



0 



on 



I Calculations : 

{Calculation not updated) 



O 



c 



SynthAaaiat™ Software VI. 0.0 Applied Bioaystema, Inc 



1991 All 
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Boston Biomedical - Research Institute . 
Peptide Synthesis Requisition Form ju/rT^- 



A 



BI 431A. Synthesizer 



Ples.se complete eke fa Hawing form and submit it zo Anna Wang far each 
pepcide to be synthesized, 

investigator tsame: I // ^ 1 txwr 

Deoarmaeac: 



Secuence ( use 3 letter code ): • 



-COOH 



The Amino Acids in stock are: 

Fcaac-L-Ai a Fcnac -G in(Trc) ' Fsoc-L-Lcu Fnioc-L-Ser(tB u) 

F=.oc-L-Arg(?nc) Fzncc-L-GIu(Gt3a) FjzLac-L-Lys(3cc) r— ac-L-i ar(cBu) 

Fzzcc-AsnCTrt) Fmoc-GLy F^oc-L-Mcc Faiac-L-Tru 

FciOc-L-As?(Oc3u) FEicc.L-kis(Trc) F~oc-L-?he Fssac-L-Tyr(t3u) v 

Fcnoc-L-Cys(Tft) -Fmac-L-IIc Fsiac-L-?ro raoc-L-Val) 

Choose* a Resin: Rink Resin ( Amide ) X' HMP Resin ( Acid ) 



Choose a Scale.: O.lOtZmioLe (for 20 residue, assuruing 80-90% cleavage 

recovery, yields about 150-L75 crude pcpddc) 

*T).25mmole (for 20 residue, assuming 80-90% cleavage 

recovery, vidds about 590-4-^3 — »- crude peptide) 

Do you want the N-Terminal Fmoc removed? Yes 

Addi cioc.ai ••■Insmicdoas ; — — 



Ooerzcors Connneats. 



Fees:Se:-Uo Caarge S25.00 

0.25ciimoLe Scale SiZ-OO/Aiaina Acid 

0.1C=ci^ Sczis SIQ.OQ/Asniao Acid 

Cleavage c: the. peptide from tha rasin 

is not included in this service!!! 
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ABI MODEL 431A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: /. /^..JO /^C^V J. Zf&eAJ& 
RESIN: jtU^A /<U,^a = d 3^^^f 



OPERATOR: J ■ ttA^i 




RON EDITOR: 

Cy: 1 Rpt: 1 M: d 

Cy: 2 Rpt: 14 M: BADEFG 

Cy: 16 Rpt: 1 M: bdc 

ADD TIME BOLD CYCLE : 0 
RESIN SAMPLES: No 



EVENTS 


LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP 


SEC R 


Synthesis be 


gun 


12/06/96 


10 


: 33 


1 


1 


1 


1 


Barcode 


read 




12/06/96 


10 


: 45 


o 


o 

c 


1 


9 


Barcode 


read 


Gly ^ 


12/06/96 


11 


: 33 


3 


2 


1 


9 


Barcode 


read 


Val 


12/06/96 


12 


: 32 


4 


o 


1 


9 


Barcode 


read 


Asp 


12/06/96 


13 


26 


5 


O 

£_ 


1 


g 


Barcode 


read 


Glu 


12/0 6/96 


14 


20 


6 


c. 


1 


9 


Barcode 


read 


Ala 


12/06/96 


15: 


15 


7 


n> 


1 


9 


Barcode 


read 


Phe 


12/06/96 


16- 


09 


3 




1 


Q 


Barcode 


read 


Phe 


12/06/96 


17: 


03 


9 


2 


1 


9 


Barcode 


read 


Val 


12/06/96 


17 : 


57 


10 


o 


1 


q 


Barcode 


read 


Leu 


12/06/96 


13: 


52 


11 


r ) 

c 


1 


o 


Barcode 


read 


Lys 


12/0 6/96 


.19: 


45 

: .*"".""V:"-^ 


12 




i 


9 



BOO 1504 



Barcode read 


Gin 


12/06/96 


20 : 


40 


13 


9 


1 


9 


Barcode read 


His 


12/06/96 


21 : 


35 


14 


o 


1 


9 


Barcode read 


Cvs 
j — » 


1 ? /OR /Qfi 


99 ■ 


?Q 
£• c 




o 


1 


Q 

y 


Synthesis compl 


ete 


12/06/96 


23: 


53 


16 


•J 


49 


0 



BOO 1505 




SynthAssisf 

Peptide Synthesis 



Report type: 
File name:. 



Sequence 

10/25/96 @ 8:01 AM 
Raso 5mer 10/25/96 Seq 



Sequence editor: 
Sequence 

Comments 



: Val-Val-Ile-Ala-Thr- [NH2 ] 

: V. Raso 5mer 0.25 rnmol scale 

Rink Resin=0.81mmol/gm subst=0 . 308gm 
N-Terminal Deprotect 



Disulfide Bonds: 0 
Chemistry : Fmoc 



Composition: 
Sequence 

Composition 

Weight 

C- Terminal 

N-Terminal 

# of Residues 

AA List 



[H] -Val-Val-Ile-Ala-Thr- [NH2 ] 

C23 H44 N.6 06 

500.6418 

NH2 

H 

5 

AA Count 
Ala 1 
He 1 
Thr 1 
Val 2 



Calculations : 

(Calculation not updated) 



00 



9 0 



rt. 



\ - r 
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Boston Biomedical Research. Institute 
Peptide Synthesis Requisition Form J^/)yf\JL'^yn<&7 £ 

ABI 431A.. Synthesizer 



Pies.se complete the following form and. submit it to Anna. Wong far each 
peptide to be synthesized. 

Date iD-T-^U ) O .-^ ' , 

Investigator Name: V^CV ^0^" Ezz=__Zl'V 



Department:: 



Sequence _( use 3 letter code ): 



-COOH 



The Amino Acids in stock arc: 

Fcaac-L-AIa Fciac-Gln(Trt) * Fmoc-L-Lcu Fmac-L-Ser(cBu) 

£~ac-L-Ar|(?— c) F=.cc-L.-Glu(Gc3a} FEL0c-L-Lys(3ac) F=:ac-L-Thr(c3u) 

rncc-An:(:r:) Fmac-GLy Fmcc-L-Mec Fmac-L-Trp 

F^ac-L-Asp(Oc3u) Fi=ioc-L-E;s(Tr:) F:ncc-L-?he Fuioc-L-Tyr(t3u) , 

roaac-L-Cys(irt) Fniac-L-IIe Fcioc-L-Pra Fziac-L-VaL) 

Choose a Resin: Rink Resin ( Amice ) V HMP Resin ( Acid ) 



Choose a Scale: O.lOmmoIe (far 20 residue, assuming 80-90^ cleavage 

: *" recovery, yields abauc 150-175 nig crude pepcice) 

X).25mmole V (Tar 20 residue^ assum in g 80-90 Ta cleavage 
rcccvcr/, yields abac: 590-4-4-0 eg- crude peccide) 

Do you want the N-Terminal Fmoc removed? Yes ^ No 

Addidanal -Instructions _ l_ ~ 

v 



Operators Comments "7/^ rf»*7 #f J£7xiV//' /tAst/fCy 



Fees:Se:-Uo Charge S25.00 

' OJZicnmoLe Scale St2.00/Araiaa Acid 

QA0-— r,}~ Scale SIQ.OQ/AmLno Acid 

Cleavage cf the . peptide from the resin 

is not included in this service!!! 
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ABI MODEL 431 A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: O 
RESIN: /£>2/| 
OPERATOR: ■ fr/f-ri 

RUN EDITOR: 




- 0. 



3^' 



2* 



0 



Cy: 
Cy: 
Cv: 



1 Rpt: 

2 Rpt : 
7 Rpt : 



!i : d 

M: BADEFG 
M: bdc 



ADD TIME HOLD CYCLE: 
RESIN SAMPLES: No 



EVENTS LOG: 



.DATE. 



TIME CYCLE MOD STEP SEC REM 



Syn tha-5i d" bsqur" 
Bar cods rsad ' r hr 
B a r c o d r e a d A 1 a 
Barcode read lie 
Barcode read Val 
Barcode read Val 
S y ■■ '■ t " "> i s c r ; p r I a L > :• 



I 0/25/96 
I 0/25/96 
1 0/25/96 
1 0/25/96 
1 0 Z25/96 
1 0/25/96 
1 0/25/96 



09; 17 
O o, 29 

10: 22 
1 : ; t i 6 

I a :-: j. O 

1 3 04 

1 4: 27 



1 



4 V 



B00J508 



Date: Tue, Oct 29, 1996 3:00 PM 
Data: pepanal 0-60-29OCT96-001 

Sample: V. Raso 5mer 25|ig injected 

Column: C8 analytical 1ml/min 

Buffer A: 0.1% TFA; B: 0.1%TFA in 90% CH3CN, 9.9% water 

Gradient: 0-60%B, 20' 

Monitor: 220nm, 2.0 AUFS; 280nm, 1.0 AUFS 



Processing File: profile#1 
Method: pepanal 0-60 
Sampling Int: 0.1 Seconds 

Data: 



i 

T 



I I 1 1 1 1 1 1 1 1 1 1 I I ' I 1 ~ ' ' 

0.0 20.0 
Analysis: Channel A 

Peak No. Time Type Height(jiV) Area(^iV-sec) Area% 

1 3.938 N8 385 1 12003 5.720 

2 1 1.800 N5 359251 1846084 5!i_ 2 _ 7 _ 9 _ 

Total Area 1 958087 99.999 
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SynthAssisf 

Peptide Synthesis 



Report type : 



File name: 



Sequence 

7/8/96 @ 1:06 PM 
Raso 5merX3 7/8/96 Seq 



Sequence editor: 
Sequence 

Comments 



Leu-Met-Val-Gly-Gly- [NH2] 

V. Raso 5mer X 3 0.25 scale 

Rink resin=0 . 81mmol/gm subst=0 . 308gm 

N-Terminal deprotect 



Disulfide Bonds 


: 0 






Chemi strv 


: Fmoc 




Composition : 








Sequence 


: [H]- 


Leu- 


Met-Val- 


Composition 


• C20 


H3 8 


N6 05 SI 


Weight 


. 474. 


6239 




C-Terminal 


NH2 






N-Terminal 


: H 






# of Residues 


5 






AA List 


* AA 




Count 




Gly 




2 




Leu 




- 1 




Met 




1 




Val 




1 



Calculations : 

(Calculation not updated) 



SynthAasist™ Software VI. 0.0 Applied BiosyatemB, Inc © 1991 All 
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Boston Biomedical Research - Institute y ^ 

Peptide Synthesis Requisition Form * * o 

ABI 431A. Synthesizer . . . ^ ^ 



Pie3.se compLete the fallowing farm and submit it zo Anna Waag for each 
peucide to be synthesized. 

Investigator Name: W f c 1 l.x^= ' ^ 

ID eu airLLuient. _ 



[ use 3 Ie:rer cade ): - - / 

Vwj - tot*- l/frl - <rlf-6rljs -0 ^^ 



Sequence _( use 3 le:rer cade ): 



-COOH 



inc Amino Acids in stack arc: * 

Fmac-L-A.Ia Fcaac-GLn(Trt) * rczoc-L-Lcu Fmoc -L-S er(cB u) 

r=:ac-L-Arg(?z: c) F~cc-L-G1li(Gc3 a) Fcxcc-L-Lys(Boc) F~ac-L-Thr(cB ti) 

Fzzcc-As-(Trc) Fmac-GLy Fazcc-L-Mct: Fmac-L- i rp 

F=:ac-L-A5?(Oc3ii) F-ac-L-HIsfT-) F~ac-L-?ae Fciac-L-TyT(c3u) v 

rcaoc -L-Cy 5 (Trt) " Fniac-L-EIc Fnoc-L-?ra rrcac-L-VaL) 



Choose a Resin: Rink Resin ( Amide ) _A EM? Resin ( Acid ) 



Choose a Scale: O.lOmmole (far 20 residue, assurors SO-SO'S* cleavage 

recovery, yields abauc 150-175 ing cr-adc acocidc) 

"^.linnnaLe V (for 20 residue, assuming SO-90'5&' cleavage 
recovery, v*e!ds about 3?0-4-iQ rag. crude pepcidc) 

Do you want the N-Terminal Finoc removed? Yes ^ No 

Addiriaaal rlas'aricrions : fWS* _ 



(Wrsrn^ Comers ^/hiT^JOK . ^Oc^ ^-^ZiM ^ V^/fCtf 



1 



Fees:Se:-Ua Chsrse S25.00 

■ n iv^Ip Scale Sl2_00/Acima Acid 

O.ICmzncLe Scale $10. CO fAsniaa Acid 

Cleavage cf tiie. pectide from the resin 

is not included in this service!!! 



B00I5I) 



ABI MODEL 431 A -VERSION 2.00 Fnoc 
SYNTHESIS REPORT 



SEQUENCE NAME: / £juf a 5 syr^i ^ 2 S 



RESIN: /2<^X /ZjUl^Z r 0 / 3/ 



OPERATOR; 




RUN EDITOR^ 

Cy: 1 Rpt = i M: d 

Cy: 2 Rpt: 5 M: BADEFG 

Cy: 7 Rpt: ;!. M: bdc 

ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: No 



EVENTS LOS: 



TIME CYCLE MOD STEP SEC REM 



Syn the si. e bsqur: 
Bar c od e r eac! G 1 y 
Barcode read Gly 
Barcode read Val 
Bs.rr:ode read Met 
Barcode read Leu 
Synthesi s ccMiipI etc 



07/16/96 15s 01 

07 / 16/96 15;; 13 

07/16/96 16:; 06 

07/16/96 17;: 00 



07/16/96 
07/1 6/96 
07/ 16/96 



1 7 



B0015I2 



ABI MODEL 431 A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME : 



RESIN: /Ll^f - J. 30*^1 

OPERATOR: 




RUN EDITOR: 



Cy: 1 Rpt: 1 Ms d 



Cy: 2 Rpt: 



M: BADEFG 



Cy: 7 Rpt: 1 M: bdc 

ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: No 



EVENTS LOG: 



PATE 



TIME CYCLE HOD STEP SEC REM 



3y: ; tiies.:. s beg;-.": 
Barcode rend Gly 
Barccds read G.!. y 
Barcode read vai 
Barcode read Met 
Barcode read Leu 
Synthesis c:a a \ p 1 e t e 



07/23/96 09s 35 
07/23/96 0?2 47 



07/23/ 96 
07/23/96 
07/23 /96 
07/23/96 13:: 23 
07/23/96 14s 46 



1 0 s 4 1 
1 1 : 35 

122 2? 



B00I51 



? 

•f 



/ : ' ABI MODEL 431 A- VERSION 2.00 Froac 

SYNTHESIS REPORT 



SEQUENCE NAME: ygJleA ^^^6 

RESIN: z&vU = J,,/^ 

OPERATOR: . tfS/r-H r 



RUN EDITOR: 



1 Rpt: 1 M: d 

2 Rpt: 5 <M: BADEFG 
7 Rpt: 1' M: bdc 

ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: Mo 



Cv: 
Cy: 
Cy: 



EVENTS LOG: 



PATE 



TIME CYCLE MOD STEP SEC REM 



S y n t h a s i -™ b eguri 
Barcode read GI y 
Bar* coda raad Gl y 
B a r * l: o d * •:■ r e a d V a I 
Bar* cods? r e a a id e t 
Parcode? read Leu 
3 y n t h £• i s c o r .\ p I e 1: s 



07/23/96 
07/23/96 
07/23/96 
07/23/96 
07 / 23/96 
07 Z23/96 
07/23/96 



i. 6: 13 
16: 24 
1 7 : IS 
i 9 :• 1 2 
19:; 06 
20: 00 
21 2 23 



6 



1 
9 



B00I514 



o 



SynthAssisf 

Peptide Synthesis 



Report type: 
File name: 



Sequence 
12/23/96 @ 9:43 AM 
Raso 4mer 12/23/96 Seq 



Sequence editor: 
Sequence 

Comments 



: Val-Val-Ile-Ala-[NH2] 

: V. Raso 4mer 0.25scale 

Rink Resin=0.78mmol/gm subst=0 . 320gm 
N-Terminal Deprotect 



Disulfide Bonds: 0 
Chemistry : Fmoc 



Composition : 
Sequence 

Composition 
Weight 
C-Terminal 
N-Terminal 
# of Residues 
AA List 



[H] -Val-Val-Ile-Ala- [NH2 ] 

C19 H37 N5 04 

399.5362 

NH2 

H 

4 

AA- Count 
Ala 1 
He 1 
Val 2 



Calculations : 

(Calculation not updated) 



? ^ .... 
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Boston Biomedical Research- Institute 
Peptide Synthesis Requisition Form 
ABI 431 A. Synthesizer 



Please co'mplete the following form and submit ic to Anna Wong for each 
peoride co be synthesized. 

Investigator iName: V f ^ r 

Deparunent: 



Sequence . .( use 3 lecter code ): . 



-COOH 



The Amino Acids in stack are: • . s^rfrBi^ 

Fcnac-L-Ala Fmoc-Gln(TrO Fmoc-L-Leu F m oc-L-^r(cBu) 

F-ac-r -Ar-fP-ci =-ec-i.-GlcCGt3a) Fmoc-L-Lys(3ac) F=ac-L-Tir(cSu) 

Fmoc-L-CysCTrc) • Faiac-L-Ile F=iac-L-Pra r=iac-L-Val> 



Choose a Resin: Rink Resin ( Amide ) 



* 



HMP Resin ( Acid ) 



Choose a Scale: O.lOmmole I (for 20 residue, turning 80-90* cLeavage 

recover/, yields abouc 150-175 nig crude peociae) 

T) ZSaunole X (far 20 residue, assuming 80-90% cleavage 
• re'ecvery, f.^.di abanc 390^3 tag crnde peptide) 

Do you want the N-Terminal Fmoc removed? Yes 



^ No 



Addlriaaal .-•Insnrucriaas. 
v 



Operacors Convenes ^ ^ £^Z~^i-^ ^^^ 

^f,* -7tt '/W/^ 



Fees:Se:-Up Charge 
• O^liaimole Scale 
Q» 1 C mm c I ~ S*-~— 



S25.00 

S12-00/Aniiaa Acid 
SIQ.QO/Anifno Acid 



/-"M - ~p ^ r fit a n a n fi n a ffO HI tile TeilH 

is not included in this service!!! 



B001516 



•J 



ABI MODEL 431A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: 
RESIN: fit^-A /ZjLi_^\ 
OPERATOR: fi/s-?L 



RUN EDITOR: 



Cy: 


1 


Rp-t: 


1 


M: 


d 


Cy: 


2 


Rpt: 


4 


M: 


BADEFG 


Cy: 


6 


Rpt: 


1 


M: 


bdc 



ADD TIME HOLD CYCLE: 0 



RESIN SAMPLES: No 
EVENTS LOG: 


DATE 


TIME 


CYCLE 


MOD 


STEP 


SEC REM 


Synthesis begun 


01/16/97 


10: 32 


1 


1 


1 


1 


Barcode read Ala 


01/16/97 


10:44 




2 


1 


9 


Barcode read lie 


01/16/97 


11 : 38 


-J 




1 


9 


Barcode read Val 


01/16/97 


12:32 


4 


o 
C* 


i 


9 


Barcode read Val 


01/16/97 


13: 26 


5 


o 


1 


q 


Synthesis complete 


01/16/97 


14:49 


6 




49 


0 
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ABI MODEL 431A VERSION 2.00 Fmoc 
SYNTHESIS REPORT 



SEQUENCE NAME: /' /(^^ /^^l 
RESIN: yfi-LA /^-^ 
OPERATOR: 

RUN EDITOR: 




Cy: 1 Rpt: 
Cy: 2 Rpt: 
Cy: 6 Rpt: 



1 M: d 

4 M: BADEFG 
1 M: bdc 



ADD TIME HOLD CYCLE: 0 
RESIN SAMPLES: No 



EVENTS LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP 


SEC REM 


Synthesis begun 




01/16/97 


15: 


:00 


1 


1 


1 


1 


Barcode read 


Ala 


01/16/97 


15 : 


: 11 


o 


2 


1 


9 


Barcode read 


He 


01/16/97 


16: 


:05 


3 


2 


1 


9 


Barcode read 


Val 


01/16/97 


16 : 


: 59 


4 


O 


1 


9 


Earcode read 


Val 


01/16/97 


17: 


53 


5 


O 


1 


Q 


Synthe 5 i s comp 1 


ete 


01/16/97 


19 : 


: 16 


8 


3 


49 


0 



B00I518 



ABI MODEL 43 1A VERSION 2.00 Fraoc 
SYNTHESIS REPORT 



SEQUENCE NAME: // , /l^O S-lftX?*-^ 

RESIN"- ^ ^-.U^ 
OPERATOR: /j . ft/p-* 

RUN EDITOR: 

Cy: 1 Rpt: 1 M: d 

Cy: 2 Rpt: 4 M: BADEFG 

Cy: 6 Rpt: 1 M: bdc 

ADD TIME HOLD CYCLE : 0 
RESIN SAMPLES: No 



EVENTS LOG: 




DATE 


TIME 


CYCLE 


MOD 


STEP 


Synthesis begun 




01/17/97 


10 : 


17 


1 


1 


1 


Barcode read 


Ala 


01/17/97 


10: 


: 29 


n 
C 


2 


1 


Barcode read 


He 


01/17/97 


11 : 


,23 


3 




1 


Barcode read 


Val 


01/17/97 


12 


: 17 


4 




1 


Barcode read 


Val 


01/17/97 


13: 


: 11 


5 


o 


1 


Sy nthe sis comp 1 


ete 


01/17/97 


14 


: 34 


6 


3 


49 



SEC REM 
1 

9 



B0015I9 






flVti * 1000 



> & r 



K 



\ 




9 



3 



B001520 



Immunizing Mice 



11/8/96 

• used Alz Sta KLH for antigen (100 uL) 

• used 600 uL of PBS 

***Draw these contents up first into the syringe (usually a 23 gauge needle) 

• Then draw up 700 uL of complete Freund's Adjuvent separately, but into the same 
syringe. 

• Put on syringe the double ended needle and attach another syringe. Be sure to wear 
goggles, lab coat and gloves. Push syringes back and forth to create emulsion. The 
consistency should get thick. When the consistency is right it is ready for injection. 

• Inject each mouse IP 

• *Make sure the double ended needle is washed with ethanol first and then rinsed 
thoroughly with dH20. 



BOO 1521 






CD 
o 
o 

NJ 






B001523 




BOO 1524 



n|n|M 



A 
B 
C 
D 
E 
F 
G 
H 





•ft ' 










.In r 


i n 0 


IftH 




ma 








TO 








i(bl 


(h? 










& 


• t c\ 


11 j> 






1 f\ r 

Kb 




■lev 


/C7 


IQO 


/CI l 








*U9 


WH 




\Oip 


\0l 


(Of 




(01 0 


(Oil 




Alii 




-V 

(r* ( 




'On 






i r O 


irG 


%(0 


l&t 


IU2- 


|F( 


/ * 0* — 






1 VI) 




\r I 


] h j> 


In 


it fc 


/r/l 










M 












mo 






















m 


iH/o 







fill QJ0W6 &rmM up®, hid- 3 u/4/edcwftlr 

* W W Jo U 




50AJi-~ 
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BOO 1526 



BOO 1527 



1 2 3 4 5 6 7 B 9 10 11 12 

3a 0 „ 027 0 . 0 ? 0 0 . 024 0 . 024 o m 02S-0 . 000-0 . 00 i -0 . 00 1 -0 . 00 i -6 . 00 i -0 . 000-0 . 00 T 

3B -0 . 000-0 . 000-0 . 00 1 0 - 000 0 . 000-0'. 00 1 -0 . 000 0 - 00 1 -0 , 00 1 -0 . 00 1 "0 - 00 1 -0 - 000 
END OF RUN 



4 



1 2 3 4 5 6 7 B 9 10 11 12 

4A 0.026 0.069 0.026 0.023 0 . 027-0 • 002-0 . 00 1 -0 . 002--0 . 001 -0 . 001-0 . 003-0 . 002 ' 

END OF RUN 
TEST ENDED 

AB30RBANCE MODE 12 PAGE 1 11/20/96 13=46:46 

LOT NUMBERS EXP . DATE : USER s 

ujAVELENGT H S =■-• 4_5 0 N M 630NM ' 

1 2 3 4 5 6 7 8 9 10 11 12 

1 A 0 - 1 b 1 3.36V 1 . 623 0.105 0*119-0. 000-0 - 000-0 . 00 1 0 „ 000-0 ., 000 0 . 000 0 . 000 

END OF RUN 
TEST ENDED 

ABSGRBANCE MODE 12 PAGE 1 11/20/96 13:48: IB 

LOT NUMBER EXP. DATE : USER : 

WAvELENGTHS = 4^2SfclJ: j 1 630NM ' " " 

1 2 3 4 5 6 7 i 9 10 11 12 

1 h U , Ub / 1 „ cj06 o .7 40 0 069 0 « 076-0 * 003-0 . 003-0 » 002-0 . 002-0 „ 003-0 . 003-0 . 002 



1 ° "* 4 5 6 7 8 9 10 U 19 



A 

B 

C 

D 

E 

F 

G 

H 



< J 






S?f6 


Or/ 


! pie*. 


yiyi 




0/V 


Urn 








SB) 


: ^4 

: / 777 / 




i </■?. 

jl/r M 


Vi 'O ■ 


% I 




A JO 






/&]. 


to 


TO// 


; //J^L 




ftp/- 






/.ML) 




iJri 








1(\|(/J 


r tn i 





















































































































to* 



a£3 



a £3 7 




HGfl 

90 



Awl 
Hen 

AW A 



3001528 



QTiT 



F FAX 2100 



SN 



AB30RBANCE MODE 

VI LOT NUMBER : • 

W A V E L E N G T H S = 4 5 0 IM h 630NM 



1 2 PAGE 1 
EXP. DATE : 



12/30/96 



16:29:1? 



USER : 



6 



10 



11 



=— =■ : ~ z ±j / x w x^_l i. 

0-045 1.633 2.366 1,695 0.058 1-913 1.580 1.637 0.058 1.^3^ 2.229*7.366 

M ? 5<*H $eq jpi iu% 3Bi <bqi% 4**} ^£3 

IB .2.3b3 1.098 2 . 079 '2 . 391 »1 . 661 2,180 1.678 0.11A^S<722 2.101 i ™ ^ 066 



2.3S3 1 .098 2.079 



1C 



>74 0 . 065 0 . 050 0 . 073 0 . 030 0 „ 047 0 . 09 i '0.106 



0 . 066 0 n 069 2 » 400 0 . 072 „ . * * %.j w <• A ■ 

IU JJ.409 0.047 0.066*1.568 O.950 0.097 0.035 0,087 0.056 u,nA7 0.038*'"' 1 1 1 
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ABSORbANCE MODE 12 PAGE 1 11/21/96 14:26: 4Z 

LOT NUMBER : EX P . DATE : USER : 

WAVELENGTHS =450NM 630NM 

1 2L 3 4 5 6 7 8 9 10 11 12 

1A 0.102 0.£5i i .485 0.444 l .7 0S 1.S62 1.508 1.491 0.199 0.996 1.516 1 . 069 

iw \«i> hvh ^ acua ^d? *fi af* &hi 

lt ' ^ 4 V 1 " ^ 1 7 1-725 1-119 1-584 0-000 0 - 000-0 - 000- O - OOO-rt „ OO 1 O „ 000 O , OOO 
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X C -0 - 000 0 . 000-0 . 000-0 . 000 0* . 000-0 . 000 0 . 000 0 . 000 0 u 000 0 . 000 0 . 000 0 u 000 
END OF RUN 



TEST ENDED 

A !? 0 ^^ M0DE 12 PAGE 1 11/21/96 14:23:44 

LU i NuMbtK s ; EXP. DATE : USER • 

W A V E L E N G 7 H B ~ 4 9 2 N M 630NM " ' 

1 2 5456789 10 11 12 
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I B O , 6 5 8 0-547 0 -782 O - 5 0 6 0 .718- 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 O 0 . 0 0 0 0 0 O 0 0 . 0 0 O ■ 
1 u -0 . 00 i -0 - 00 1 -0 . 000-0 . 00 1 -0 u 00 1 -0 - 000-0 - 00 1 0 . 000-0 - 00 1 O - 000-0 . 000-0 . 000 
END OF RUN 
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